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Abstract 
The Slave River Delta (SRD), NWT, represents a pivotal node in the upper 
Mackenzie Basin watershed and is a productive northern wetland landscape with a rich 
natural and cultural heritage. Concerns over environmental consequences of natural and 
anthropogenic-driven decline in river discharge as well as climate variability have 
prompted hydroecological studies to improve understanding of how this ecosystem 
functions over time and space. However, long-term natural hydrological variability of the 
Slave River system is not well documented and needs to be further developed. In order to 
provide a temporal context for understanding and evaluating the impacts of climate 
variability and change and other stressors on Slave River discharge, multi-proxy 
paleolimnological analyses have been conducted to reconstruct a long-term record of 
hydrologic variability in the Slave River system. Study sites include two small closed-
drainage lakes (GSL1, SD34) located near a former elevated strandline of Great Slave 
Lake and another lake (SRI) located upstream on an island in the Slave River. 
Multi-proxy analysis of lake sediment cores collected from SD34, GSL1 and SRI 
provided a -1200-year record of water level variation for the Slave River and Great Slave 
Lake. Sediment composition and elemental and stable isotope geochemistry proved to be 
sensitive indicators of hydrologic change within the study basins. Interpretation of C/N 
ratios and 5 Corg values from SD34, GSL1 and SRI additionally indicated that 
conventional, straightforward interpretation of these commonly applied 
paleolimnological measurements is not always appropriate. 
Prior to the onset of the last millennium, during the Early Medieval period (MP), 
high C/N ratios, low 5I80|W, high 51 Corg and inorganic sediment indicated open-drainage 
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conditions caused by riverine inundation of both study lakes. River inundation of SD34 
and GSL1 was attributed to Slave River discharge dominated by a large flashy spring 
freshet and high ice-jam flood frequency. 
The percent organic carbon, organic nitrogen, 8 N, C/N ratios, 8 0|W values and 
S1 Corg values appear to indicate isolation of SD34 and GSL1 from the Slave River at 
-1000 AD and -1150 AD, respectively. However, reduced ice-jam flood frequency in the 
SRD precedes a similar change in the upstream Peace-Athabasca Delta (PAD) by -400 
years. A change in the distributary network of the SRD and low Slave River discharge 
may account for the -400 year offset and explain why SD34 and GSL1 became isolated 
from ice-jam flooding during the Middle MP, when ice-jam flood frequency was high in 
the PAD. 
The interval of low Slave River discharge suggested by SD34 and GSL1 sediment 
records appeared to end at -1300 AD with the re-emergence of open-drainage conditions 
in SD34 indicated by high 813Corg values. Open-drainage conditions at SD34 spanned the 
Late MP and were attributed to high Slave River discharge that is consistent with an 
interval of high North Saskatchewan River discharge. 
The SRI C/N record indicated that high Late MP Slave River discharge continued 
throughout the Little Ice Age (LIA). High LIA Slave River discharge was attributed to a 
delay in snowmelt-generated runoff that sustained higher summer river discharge as a 
result of a shift to cooler climate conditions. High 8 Corg values in the GSL1 record 
indicated open-drainage conditions in GSL1 throughout the LIA and 8 0|W values that 
were similar to modern Great Slave Lake (GSL) 8 0|W values suggested that the open-
drainage conditions were the result of GSL inundation. Therefore, increased Slave River 
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discharge appears to have caused high GSL water levels during the LIA, similar to that 
observed upstream in Lake Athabasca. High GSL water levels inundated GSLl and likely 
occupied the strandhne visible in the landscape to the south of the SRD. 
At the beginning of the 20th century, the SRI, SD34 and GSLl sediment records 
indicate closed-drainage conditions were established. Closed-drainage conditions at each 
study lake were attributed to a decline in water level within the Slave River system at the 
end of the LIA A 20n century decline in discharge parallels a shift to a warmer climate 
regime that has been shown to cause an earlier, more rapid melt of the spring snowpack 
in the headwaters of the Peace and Athabasca rivers. The sediment records of the three 
study lakes indicated that water levels within the Slave River system have declined from 
the high levels that characterized the LIA, falling to levels possibly similar to the MP. 
However, high 51 0|W values at GSLl, throughout the 20n century that are unique within 
the -1200 record may suggest that present hydrological conditions at this site are 
unprecedented in the last -1200 years. 
These findings establish a link between hydrologic conditions within the Slave 
River system and those upstream in the PAD and Lake Athabasca. Sediment records from 
SD34, GSLl and SRI demonstrated that in the past -400 years, the hydrology of the 
Slave River system responded similarly to the PAD in response to shifting climate 
regimes. This indicates that hydrologic change upstream in the headwaters of the Slave 
River has historically translated downstream to the SRD and GSL. Furthermore, these 
results show that water levels in the upper Mackenzie River system have varied 
considerably in the last -1200 years and that they have been in decline over the last 200 
years - a decline that is likely to continue given expected trajectories in river discharge. 
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Chapter 1- Introduction 
1.1 Introduction 
The Slave River Delta (SRD) (Figure 1) is located on the southeast shore of Great 
Slave Lake (GSL) at the terminus of the Slave River. The SRD is a productive northern 
wetland landscape, home to a variety of unique plant and animal assemblages (Milburn et 
al., 1999). Deltaic landscapes such as the SRD are ecologically significant because they 
are more productive than other components of northern river systems (Milburn et al., 
1999). The SRD is also of great cultural importance to the Deninu Ku'e First Nation 
community of Fort Resolution who utilize natural resources in the delta to support and 
maintain traditional lifestyles (Wolfe et al., 2007a). 
The Slave River is part of the upper Mackenzie River system and is sourced 
predominantly by the Peace and Athabasca rivers. There are several potential stressors on 
the Peace-Athabasca-Slave river system. The Peace River was regulated in 1968 by the 
construction of the WAC Bennett Dam at Hudson's Hope, British Columbia. 
Additionally, growing energy demand has led to increased interest in hydroelectric 
development on the Slave River near Fort Smith (Hannaford, 2008). Increasing water 
withdrawal from the Athabasca River for oil sands production has recently put additional 
stress on the river system (Campbell and Spitzer, 2007). As well, climate change in 
recent years has caused the recession of alpine glaciers and a decline of snowpacks 
(Schindler and Donahue, 2006). This has resulted in a reduction in source water entering 
alpine-sourced rivers systems such as the Peace-Athabasca-Slave river system. All of 
these factors potentially influence the flow of water in the Slave River, but how these 
changes in river discharge may affect the SRD is not fully understood. 
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Figure 1 Slave River Delta and study lakes SRI, SD34 and GSLl A former strandline ofGSL 
visible in the landscape during the 2007 field season is also highlighted 
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The ability to predict future evolution of northern rivers is difficult because of a lack 
of long-term river and climate data for Canada's North (Rouse et al., 1997; Schindler and 
Donahue, 2006). The paucity of river gauging stations and short duration of available 
records provide limited insight into natural variability in discharge of northern river 
systems. Studies by Dery and Wood (2005) and Dery et al. (2009) have shown that 
hydrologic trends inferred from short-term records are susceptible to drastic change 
(reversal of trend) in response to fluctuating discharge over short periods of time. Longer 
hydrologic records than those available are then required to strengthen understanding of 
natural variability within northern river systems such as the Slave River. Long-term 
records of hydrologic variability within northern river systems would provide the 
knowledge required to make informed water resource management decisions (Sear and 
Arnell, 2006). 
Extensive studies in the Peace-Athabasca Delta (PAD), upstream from the SRD by 
Wolfe et al. (2005, 2006, 2008a,b) have demonstrated the effectiveness of using multi-
proxy paleolimnological reconstruction as a tool for developing long-term hydrologic 
records to supplement sparse discharge data for a northern river system. Wolfe et al. 
(2005, 2006, 2008a,b) analyzed sediment cores from several PAD lakes in response to 
reports of less frequent and extensive spring flooding, declining lake levels and loss of 
wildlife habitat since the regulation of the Peace River (at the WAC Bennett Dam). These 
studies aimed to distinguish the effects of multiple stressors on the hydrological regime 
of a northern river system and to provide temporal context for the evaluation of causes 
affecting contemporary hydrological change. Results have indicated that the drying of 
PAD lakes can occur at a variety of time scales in the absence of spring river flooding. 
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Some lakes may last decades without the input of river water and others may dry up 
within years (Wolfe at al., 2005; Peters et al., 2006). Wolfe et al. (2006, 2008a) also 
indicate that river flooding over the last several centuries has oscillated between multi-
decadal intervals of both high and low flood frequency, suggesting significant natural 
variability in spring river flood frequency. As well, the most recent interval of low flood 
frequency in the PAD began several decades before the construction of the WAC Bennett 
Dam (Wolfe et al., 2006). Wolfe et al. (2008a,b) suggesting that changes in headwater 
climate and local geomorphic changes in Athabasca River flow appear to be the dominant 
drivers of river discharge and flooding in the PAD. 
Using reconstructions of winter temperature and growth season relative humidity in 
the Columbia Icefield based on isotope analysis of tree-ring records, Edwards et al. 
(2008) described past climate of the eastern Rocky Mountains in the headwaters of the 
Athabasca River. During the past millennium, the upper Mackenzie River system has 
been characterized by a three-phase climate history, which includes the Medieval Period 
(MP) (AD -1000 to -1530), Little Ice Age (LIA) (AD -1530 to -1890) and 20th century. 
The climate of the MP consisted of relatively warm winters and higher relative humidity 
during the growth season and the LIA was characterized by a transition to colder 
temperatures and low growth season relative humidity (Edwards et al., 2008). Since the 
end of the LIA, temperature and relative humidity have increased and the climate 
reconstruction suggests that conditions may be returning to those similar to the early 
millennium. 
Wolfe et al. (2008a), Sinnatamby et al. (2010) and Johnston et al. (2010) have 
demonstrated significant variability in discharge within the Peace-Athabasca river system 
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over the last 1000 years in response to the changing climate patterns in the eastern Rocky 
Mountains outlined by Edwards et al. (2008). For instance, water levels in Lake 
Athabasca increased from a low at the onset of the millennium (MP) to a high during the 
LIA (Wolfe et al., 2008a; Sinnatamby et al., 2010; Johnston et al., 2010). Lake level 
variation over this period has been influenced by changes in summer discharge through 
the Peace-Athabasca river system. During the MP, warmer temperatures caused an earlier 
spring melt in headwater regions and a "flashy" spring freshet, which resulted in 
frequent, high-magnitude ice-jam flood events but low summer discharge and low Lake 
Athabasca water levels (Figure 2). During the LIA, colder temperatures delayed the 
spring melt in the Peace-Athabasca headwater regions, resulting in sustained high 
summer discharge that raised Lake Athabasca water levels -2.3 m above contemporary 
levels (Wolfe et al., 2008a; Sinnatamby et al., 2010; Johnston et al., 2010) (Figure 2). 
CO 
Medieval ("flashy" spring freshet; 
low summer discharge; very low summer 
discharge during 11* century) 
LIA (delayed spring freshet; 
^sustained high summer discharge) 
20"* Century (low spring and 
k summer discharge) 
Future? ("flashy" but low 
spring freshet; very low 
summer discharge) 
spring 
Time summer 
Figure 2. Reconstructed and projected hydrographs for rivers draining the hydrographic apex of 
North America (Wolfe et al, 2008a). 
Since the end of the LIA (-1900 AD), river discharge in the Peace-Athabasca river 
system has been in decline causing Lake Athabasca water levels to decrease (Wolfe et al., 
2008a). If current trends of decreasing discharge persist, summer discharge in the Peace-
Athabasca river system may fall below the low levels reconstructed for the 11th century 
(Figure 2). Lake Athabasca and GSL are both natural reservoirs in the same river system 
and their water levels have been shown to respond comparably during wet and dry years 
(Bennett, 1970). As a result, it is likely that in the past millennium GSL has experienced 
periods of high and low water level similar to those documented by Wolfe et al. (2008a), 
Sinnatamby et al. (2010), and Johnston et al. (2010) for Lake Athabasca. Evidence of 
fluctuating Great Slave Lake water levels similar to Lake Athabasca would provide new 
insight into the natural forcing factors that contribute to variability in Slave River 
discharge. 
While there has been extensive study upstream in the PAD and Lake Athabasca, a 
long-term record of Slave River hydrologic variability is lacking. Using multi-proxy 
paleolimnological methods, Brock et al. (2010) were able to supplement the 47-year 
gauged record of the Slave River by generating an 80-year record of flood frequency for 
an SRD lake. The 80-year record indicates flood frequency was lowest prior to upstream 
river regulation and that the onset of river regulation coincided with a period of increased 
flood frequency. Changes in flood frequency at the SRD, as determined by Brock et al. 
(2010), paralleled those observed in the flood frequency records developed by Wolfe et 
al. (2006) for the PAD, suggesting climate is the dominant driver of change in runoff 
regime for both the SRD and PAD. However, the Brock et al. (2010) record is still 
relatively short and does not address long-term hydrologic variability in the Slave River 
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system. A long-term record of hydrologic variability of the SRD would not only provide 
new insight to the relationship between the PAD and SRD (two large important wetland 
systems in the upper Mackenzie River Basin), but more importantly, would provide 
understanding of the Slave River system's response to a variable climate. Such 
knowledge is critical in establishing a historical context of natural hydrologic variability 
within the Slave River system A context of natural variability coupled with an 
understanding of the relationship between climate and river discharge is critical for 
making informed management decisions. The importance of informed management of the 
Slave River system may be amplified in the near future as discharge through the system 
is expected to decline as a result of declining glacier melt contributions and snow pack 
runoff in headwater regions (Barnett et al., 2005, Lapp et al., 2005, Rood et al., 2005). 
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1.2 Objectives 
The objective of this study is to establish a long-term hydrologic record for the Slave 
River and gain a better understanding of the relationship between climate variation over 
the past 1200 years and Slave River hydrology. Such a record would extend beyond the 
instrumental records (47 years) of the Slave River and the flood frequency record 
established by Brock et al. (2010) (-80 years). Research questions that multi-proxy 
geochemical analyses will address include: 1) How has Slave River discharge changed 
over the past millennium and what is its relationship to climate? 2) How does variation in 
Slave River discharge compare to paleohydrological records of the upstream PAD? and 
3) Does the postulated strandline south of the SRD observed during field study in March 
2007 (Figure 3) correspond to a GSL high-stand during the LIA similar to the high-stand 
of Lake Athabasca documented by Sinnatamby et al. (2010) and Johnston et al. (2010)? 
Information gained here regarding the relationships between climate and discharge as 
well as the Slave River and PAD can be used to inform water resource management 
within the upper Mackenzie River basin. 
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Figure 3. Possible strandline of Great Slave Lake is shown by dashed line. The relict river 
channel GSLl terminating at the potential shoreline is also indicated (photo taken March 2007, 
facing north). 
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Chapter 2 - Study Site 
2.1 Slave River-Great Slave Lake System 
The Slave River flows through relict deltaic and alluvial sediments, deposited after 
the retreat of the Keewatin Ice Sheet. The Slave River and GSL are located within former 
Glacial Lake McConnell. Outflow and glacial isostatic adjustment resulted in Lake 
McConnell draining by 8300 BP (Vanderburgh and Smith, 1988) leaving present-day 
Lake Athabasca, GSL and Great Bear Lake as remnants of the second largest glacial lake 
in North America. Observations of the landscape surrounding GSL have indicated that 
lake water levels have declined more then 90 m from early post-glacial conditions 
(Rawson, 1950). Since the draining of Glacial Lake McConnell, sediment carried by the 
Slave River has been deposited in the southern arm of GSL forming the SRD. Since 1180 
l4C yr BP, progradation of the delta has occurred at an average rate of 10 m per year, and 
the relict delta now covers an area of-8300 km2 (Vanderburgh and Smith., 1988). 
Currently, only about 5% of the SRD is actively prograding and at a much slower rate 
than the historical average (Vanderburgh and Smith, 1988). 
The Slave River flows for 420 km north from its origin at the confluence of the 
Peace River and Riviere des Rochers in the Peace-Athabasca Delta (PAD). The channel 
remains relatively straight for the majority of its length, but as it nears the SRD, meander 
bends and island bar complexes become more prevalent (Figure 1). The Peace River 
contributes -66% of the flow to the Slave River (English et al., 1997) with the bulk of 
remaining water input supplied by the Athabasca River and Lake Athabasca. The Slave 
11 
River terminates at the SRD, and accounts for the majority of annual water input to GSL, 
a primary source of water for the Mackenzie River. 
The Peace-Athabasca-Slave system drains approximately 615,000 km and 
discharges at an annual rate of-3,400 m3/s into GSL (Prowse et al., 2002), accounting 
for -75% of total inflow to the lake (Gibson et al., 2006a). GSL occupies -27,200 km2 
with a maximum length of 440 km and width of 160 km and has a total volume of 
~1.58xl012 m3 (Rawson, 1950). The mean water level of GSL (from 1939-99) is 
approximately 166.60 ± 0.22 masl. However, there is considerable variability in lake 
level, both annually and interannually, with an historical annual range of-1.2 m (Gibson, 
2006b). The water balance of GSL is dominated by river flow, accounting for 95% of the 
input and 93% of the output. As a result, the water level of GSL is subject to both 
seasonal and annual fluctuations driven predominantly by variation in Slave River 
discharge (Rawson, 1950). Maximum water levels occur in late May and early June 
corresponding to peak river flow and minimum levels occur in April when Slave River 
discharge is lowest (Gibson et al., 2006b). Fluctuations of inflow to the Slave River from 
headwater regions in the eastern Rocky Mountains have been shown to influence the 
instrumental (-past 50 years) water balance of GSL (Gibson et al., 2006b). High (low) 
water levels within GSL correspond to increased (decreased) discharge through the 
Peace-Athabasca-Slave system (Gibson et al., 2006a). This indicates that a longer record 
of GSL water level change would be useful for identifying climatic and hydrologic 
variability within the upper Mackenzie River system (including the SRD). 
The SRD contains a variety of small lakes and wetlands, spanning a range of 
hydrological settings. SRD lakes were classified based on the dominant process affecting 
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their water balances during the 2003 thaw season (Brock et al., 2007). SRD lakes were 
classified as evaporation-, flood- or exchange-dominated. Evaporation-dominated lakes 
have water balances controlled by snowmelt in the spring followed by evaporation and 
precipitation during the summer months and are generally not affected by river flooding 
during the spring melt. The water balance of exchange-dominated lakes is variable 
throughout the thaw season and depends mainly on the strength of seiche events on GSL 
or Slave River inflow. Flood-dominated lakes have water balances that are largely 
controlled by river flooding during the spring break-up. Spring break-up flooding is 
important in a northern delta such as the SRD because it provides water to lakes 
otherwise isolated from the main drainage network of the Slave River (Brock et al., 2007, 
2008; Sokal et al., 2008). The pulses of water from spring break-up flooding replenish 
water levels and introduce sediment to lake beds (Milburn et al., 1999; Rouse et al., 
2007). The occurrence and magnitude of flooding in the SRD depends predominantly on 
the amount of Slave River discharge during the spring breakup (Brock et al., 2008). 
Because Slave River discharge is dependent on snow accumulation and rate of melt in its 
source regions, changes in upstream hydrologic conditions can have significant influence 
downstream in the lakes of the SRD (Brock et al., 2008). 
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2.2 Study Basins 
Multi-proxy paleolimnological analyses were conducted on sediment cores retrieved 
from three study basins: SRI (Figure 1, 4, 5), GSLl (Figure 1, 6) and SD34 (Figure 1, 7) 
to gain insight into multi-centennial hydrologic change in the Slave River system. SRI 
was chosen because it is located upstream from the SRD and was expected to provide a 
record of Slave River water level outside of the active delta and SD34 was chosen 
because it was anticipated to record high Slave River water levels within the 
contemporary delta. GSLl is located outside of the active delta, adjacent to a strandline 
south of the SRD (Figure 3) and was chosen because it was expected to provide a record 
of high GSL water levels. All three basins are currently isolated from hydrological 
influence of the Slave River and GSL. 
22 1 SRI (60° 48'09 7"N, 113° 13'33 9" W) 
SRI is a small basin (-100 m in length) that at the time of coring (March 24, 2007) 
was -90 cm deep (Figure 4, 5). This basin is located on a large island (-10 km long and 
-1.5 km wide) on the Slave River, -60 km upstream from the SRD. The island has no 
evidence of recent flooding and the basin is surrounded by mature spruce forest, with no 
evidence of inflow or outflow channels (Figure 4, 5). It is expected that SRI would only 
experience flooding during periods of Slave River discharge higher than the present. 
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Figure 4. SRI (March 2007, facing north). Figure 5. SRI (March 2007, facing north). 
2.2.2 SD34 (61° 11 '41" N, 113° 33'49" W) 
SD34 (Figure 6) is located in the relict region of the SRD, -6 km northeast of Fort 
Resolution. The lake is kidney-shaped with a maximum length of -600 m and is less than 
2 m at its deepest point. The lake appears to be located at an elevation of -159 metres 
above sea level (masl) (Figure 7). SD34 contains no inflow or outflow channels. 
Presently, the lake is isolated from the Slave River and its distributaries and is not 
flooded by river water during the spring break-up, even during large spring break-up 
floods like that of 2005 (Brock et al., 2008). SD34 was classified as an evaporation-
dominated basin by Brock et al. (2007). 
Figure 6. SD34 (May 2005, facing east) 
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Figure 7. Topographic map ofSRD area including GSLl and SD34 (Atlas of Canada, 2006). 160 
m contour lines are indicated by thick black line, spot elevations in close proximity to GSLl and 
SD34 are also highlighted. Elevation of GSLl is approximated to be between 161 masl to 163 
masl based on spot elevations in the vicinity of the lake and the proximity of the lake to 160 masl 
contour line. Elevation ofSD34 is approximated to be 159 masl based on its location between 
two 160 masl contour lines and its close proximity to a 159 masl spot elevation. 
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2.2.3 GSL1 (61° 11 '41" N, 113° 33'49" W) 
GSL1 is the terminal end of a relict river channel that was likely a former 
distributary channel of the Slave River (Figure 8). It is located -2.5 km east of the current 
GSL shoreline and -8 km southeast of Fort Resolution (Figure 1). The main body of the 
basin is shallow (< 2 m deep) and has a length of ~2 km and width of -150 m. The 
elevation of GSL1 appears to be between -161-163 masl (Figure 7), -3.6-5.6 m higher in 
elevation than the highest gauged GSL water level (157.23 masl) (Gibson, 2006b). 
Currently, the lake is located outside the range of contemporary river flooding (see Brock 
et al., 2008). However, a possible former strandline of GSL observed near this site during 
field study in March 2007 suggests the area may have been flooded during a high-stand 
of GSL (Figure 9). The strandline is marked by a change in the spatial distribution of 
lakes and the termination of several relict river channels (such as GSL1) (Figure 9). A 
greater concentration of lakes likely indicates poorer drainage on the GSL side of the 
strandline. 
Figure 8. GSL1 (March 2007, facing northeast). Figure 9. GSL strandline (March 2007, facing 
south). 
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Chapter 3 - Field and Laboratory Methods 
3.1 Retrieval of Sediment Cores 
Lake sediment cores were collected for each study lake (SD34, GSL1 and SRI) 
through lake ice in March 2007 using gravity and Russian peat corers. Gravity cores were 
collected using a Glew gravity corer, driving a tube (open at both top and bottom) 
vertically into the lake sediment using gravity (Glew et al., 1989). The cores were then 
sectioned into 0.5-cm intervals at the field station. The Russian peat coring process 
involved the use of a chamber corer. In the closed position, the chamber corer was driven 
vertically into the sediment with drive rods. While maintaining its vertical orientation, the 
corer was then rotated capturing the sediment within the chamber and the Russian peat 
corer was then removed (Glew et al., 2001). Russian cores were then sectioned into 0.5-
cm intervals in the laboratory at Wilfrid Laurier University. The combination of gravity 
and Russian cores is effective for providing a sedimentary record for the recent past 
because the gravity core preserves the integrity of the uppermost sediment sequence and 
the Russian corer can penetrate more deeply than the gravity corer, extending the 
sediment record. 
Several cores were taken from each study lake (Table 1 and 2). Gravity cores were 
denoted KB and Russian cores were denoted RC. Depths and names of all cores taken are 
presented in Table 1. For SRI, the KB-2 core was used for analysis because it had a more 
defined sediment-water interface than KB-1, indicating that the uppermost sediments had 
been less disturbed during the core retrieval process. For SD34, the KB-2 core had a 
better defined sediment-water interface than KB-1 and was used for analysis. Two RC 
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cores were also taken from SD34. SD34 RC-2 was used for analysis because it appeared 
to have preserved a greater amount of the uppermost sediment than RC-1. One of each 
core type was taken from GSLl and as a result KB-1 and RC-1 cores were used for 
analysis. Russian cores from SD34 (SD34 RC-2) and GSLl (GSLl RC-1) were aligned 
to their corresponding gravity cores (SD34 KB-2 and GSLl KB-1) using percent organic 
matter values. Once aligned, the Russian core depths were adjusted to account for 
missing surface sediment. 
Table 1 Summary of gravity cores 
Study 
Lake 
SRI 
SRI 
SD34 
SD34 
GSLl 
Coring Date 
(2007) 
March 24 
March 24 
March 24 
March 24 
March 25 
Gravity Core Name 
SRI KB-1 
SRI KB-2 
SD34 KB-1 
SD34 KB-2 
GSLl KB-1 
KB Core Depth 
(cm) 
54.0 
39.5 
36 5 
38.0 
26.5 
Table 2 Summary of Russian cores 
Study Lake 
SRI 
SD34 
SD34 
Russian Core 
Name 
SRI RC-1 
SD34RC-1 
SD34 RC-2 
RC Core Depth 
(Field Measurement) 
(cm) 
4 - 100 
7 -54 
0 - 6 6 
RC Core Depth 
(Adjusted in Lab) 
(cm) 
Not analyzed 
Not analyzed 
4 5 - 75.5 
GSLl GSLl RC-1 0 - 9 5 0 5 - 1 0 0 
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3.2 Laboratory Methods 
3.2.1 Loss-on-Ignition Analysis 
Loss-on-ignition (LOI) is frequently used to determine moisture content, bulk organic 
matter content and inorganic content of lake sediment (Dean, 1974; Heiri et al, 2001). 
Organic content profiles are of greatest interest to this study as they can potentially reveal 
patterns and trends in lake productivity, organic matter diagenesis and terrestrial organic 
matter and inorganic matter inputs over time. Additionally, in order to establish a 
continuous stratigraphic record for SD34 and GSL1, LOI results were used to align the 
gravity and Russian cores. 
LOI was conducted at 0.5-cm intervals on samples from SRI KB-2 (0 cm to 39.5 
cm), SD34 KB-2 (0 cm to 38.0 cm), SD34 RC-2 (4.5-cm to 75.5-cm), GSL1 KB-1 (0 cm 
to 26.5 cm) and GSL1 RC-1 (0.5 cm to 43.5 cm). Wet sediment samples from each 
interval (approximately 0.5 grams) were weighed before and after heating at 90°C, 550°C 
and 950°C. The weight loss during each temperature stage was measured and provides an 
estimate of the water content (1), organic matter content (2), mineral content (3) and 
carbonate content (4) of the sediment samples. 
(1) Water content, LOI90= ((WW- DW90/WW)*100 
(2) Organic matter content, LOI550 = ((DW9o-DW55o)/DW9o)* 100 
(3) Mineral matter content, LOI950 = ((DW90-DW950J/DW90)* 100 
(4) Carbonate content, %CaC03= (LOI950/0.44) 
*WW wet weight of sample, before heating to 90°C 
DW dry weight of sample, after heating to 90°C 
(Heiri etal., 2001). 
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3.2.2 Sediment Chronology 
A 2l0Pb-based sediment chronology was developed for each study lake. Total 2l0Pb 
activity is a measure of both unsupported 2I Pb, the result of atmospheric fallout, and 
supported 2l0Pb, which occurs naturally within the sediment column as the result of in 
situ Ra decay (Appleby, 2001). Supported Pb, in equilibrium with Ra, can be 
subtracted from the total Pb inventory, and the amount of unsupported Pb can then 
be determined. The unsupported 210Pb value for each sediment interval can be used to 
determine the sediment age using the radioactive decay of 2l0Pb (22.26 yrs), to produce a 
chronology for the core over the period of time that unsupported 210Pb is present (~150 
years) (Appleby, 2001). The Constant Rate of Supply (CRS) model (Appleby, 2001) 
assumes a constant flux of 2l0Pb to the sediment, independent of changes in 
sedimentation rates, was used to establish the core chronologies. 
The peak activity of l37Cs, usually reported as 1963, can also provide a stratigraphic 
marker for sediment chronologies (Appleby, 2001) and was measured using gamma 
spectrometry. Cs values may peak at 1963 in stratigraphic records because this was 
when peak fallout occurred from above ground nuclear bomb testing, which released 
l37Cs into the atmosphere. 
2l0Pb and l37Cs analysis were conducted on SRI KB-2, SD34 KB-2 and GSLl 
KB-1 because gravity cores preserve integrity of the uppermost sediment sequence. 
Preparation for dating required packing freeze-dried lake sediment samples into plastic 
tubes. Samples taken at 1-cm intervals (from 0-cm to 40-cm for SRI KB-2, 0-cm to 36.5-
cm for SD34 KB-2 and 0.5-cm to 26.5-cm for GSLl KB-1) were prepared for each study 
lake. After packing, the sediment in the tube was sealed with epoxy and submitted to the 
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University of Waterloo Environmental Change Laboratory (WATER) for21 Pb and l37Cs 
analysis. Gamma spectrometry was used to measure the radioisotope activity needed for 
the development of the sediment chronologies. Values from samples measured in the 
gamma spectrometer were coupled with interpolated values to calculate CRS dates for 
every sample where unsupported 2l0Pb was present in SRI KB-2, SD34 KB-2 and GSL1 
KB-1. The depth of supported Pb was interpreted to be reached where Pb values 
became relatively constant. 
In order to constrain sediment chronologies of Russian cores that extend well below 
the 2l0Pb chronology, radiocarbon dating l4C was attempted. Radiocarbon (l4C) has a 
half-life of 5,568 years and is most often applied for age-dating up to 40,000 years. Lake 
sediments usually contain telmatic and limnic plant and animal debris that can be 
collected and dated in order to obtain age control on sedimentary sequences (Bjork and 
Wohlfarth, 2001). For this study, plant macrofossils extracted from SD34 RC-2 at 45-cm 
and 54-cm core depth were radiocarbon-dated to constrain the sediment chronology 
below the 2l0Pb dated interval. 
3.2.3 Analysis of Organic Carbon and Nitrogen Content and 
Stable Isotope Composition 
Organic carbon and nitrogen content and stable isotope composition were analysed 
to reconstruct nutrient dynamics related to hydrologic variability in each study lake. 
Geochemical characterization of organic matter within lake sediment can reveal organic 
matter source and supply, cycling of nutrients, and lake productivity throughout time and 
thus is useful for reconstructing past environmental conditions within lakes (Meyers, 
1997; Meyers and Teranes, 2000). The content and isotopic composition of organic 
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carbon and nitrogen may also be strongly linked to hydrological processes as they have 
been successfully used in combination with other proxies to reconstruct long-term 
hydroecological change within the upper Mackenzie River Basin (Wolfe et al., 2008b; 
Brock et al ,2010; Johnston et al., 2010). 
Percent total organic carbon (%Corg) describes the abundance of organic matter in 
lake sediments (Meyers and Teranes, 2001). However, only -50% of lake sediment 
organic matter is composed of carbon, making the total organic matter roughly double the 
%Corg value (Meyers and Teranes, 2001). The %Corg value is a more sensitive proxy than 
total organic matter (determined through LOI) because total organic matter content can 
be inflated by variable amounts of volatile non-carbon components (Meyers and Teranes, 
2001). Changes in %Corg within a sediment core can be associated with changes in 
primary productivity, making it a useful proxy for inferring paleoenvironmental change 
(Meyers and Teranes, 2001). 
Total nitrogen content (%N) includes the measurement of both inorganic and organic 
nitrogen in lake sediment (Talbot, 2001). Nitrogen is an important nutrient for organic 
productivity. Additionally, nitrogen can act as the limiting nutrient for organic 
productivity in lakes, meaning changes in lake organic matter production and 
composition can be influenced by the source and cycling of nitrogen (Talbot, 2001). 
However, determination of bulk nitrogen by an elemental analyzer does not separate 
organic and inorganic nitrogen. Inorganic nitrogen typically represents a small fraction of 
total nitrogen in lake sediments, but can represent a larger proportion of total nitrogen in 
sediment with low organic content (Meyers, 1997). In such cases, the inorganic fraction 
can artificially depress the C/N ratio (Meyers, 1997). 
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Expressing lake sediment %Corg and %N values as a ratio (C/N) can indicate the 
relative contribution of organic matter from terrestrial (allochthonous) or aquatic 
(autochthonous) sources (Meyers and Teranes, 2001). Typically, organic matter that is 
aquatic in origin has C/N ratios that are low (4-10), whereas organic matter derived from 
(cellulose-rich, protein-poor) vascular land plants have high C/N ratios of >20 (Meyers 
and Teranes, 2001). However, algal growth under nitrogen-limiting conditions has been 
shown to cause elevated C/N values in highly productive basins (Meyers and Teranes, 
2001). 
The carbon isotope composition in the organic matter of lake sediments is an 
important proxy for assessing organic matter sources, reconstructing past productivity, 
and identifying changes in availability of nutrients in surface waters (Meyers and 
Teranes, 2001). Stable carbon isotope composition of lake sediment organic matter 
(5,3Corg) represents the l3C/'2C ratio and provides an archive of catchment and within-
lake processes (Meyers and Teranes, 2001). The carbon isotope composition of aquatic 
plants is primarily determined by the 5' C of the dissolved inorganic carbon source 
(5l3CDic)- Processes controlling the Sl3CDic composition include the source and supply of 
inorganic carbon (e.g., from catchment runoff), l3C-enrichment from preferential uptake 
of l2C by phytoplankton during photosynthesis, isotopic exchange with atmospheric CO2, 
recycling of l3C-depleted CO2 from respiration/decay of water column and bottom 
sediment organic matter, and uptake of bicarbonate (HC03~(aq)) at elevated pH (Wolfe et 
al., 2000). Conventional interpretations typically attribute positive shifts in 5l3Corgto 
increases in aquatic productivity (McKenzie, 1985; Schelske and Hodell, 1991, 1995; 
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Meyers and Lallier-Verges, 1999). However, stratigraphic shifts in lake sediment 513Corg 
may also result from hydrologically-driven changes (Wolfe et al., 1999, 2000) 
Nitrogen isotope composition (8I:>N) is commonly used as an indicator of 
ecosystem productivity, nutrient availability, and the source of organic matter (Meyers, 
1997; Talbot, 2001). Using 5I5N values to identify the source of organic matter is based 
on the difference between l:>N/l4N ratios of inorganic nitrogen available to plants in water 
and on land (Meyers and Teranes, 2001). A 5I5N signature depends predominantly on its 
source. Atmospheric N2 fixed by blue-green algae produce a signature that is lower (0%o) 
than non-nitrogen fixing algae (7-10%o) (Meyers and Teranes, 2001). Despite this, 
interpretation of sedimentary 515N records is made more difficult than those of carbon, by 
the complicated dynamics of nitrogen biogeochemical cycling (Fogel and Cifuentes, 
1993; Bernasconi et al., 1997; Hodell and Schelske, 1998; Brenner at al., 1999; Talbot, 
2001) 
In order to prepare sediment for organic carbon and nitrogen content and stable 
isotope analysis, samples taken at 0.5-cm intervals from SRI KB-2 (0 cm - 40 cm), SD34 
KB-2 (0 cm - 36.5 cm), SD34 RC-2 (4.5 cm - 75 cm), GSL1 KB-1 (0 cm - 26.5 cm) and 
GSL1 RC-1 (20 cm - 100 cm) were treated with a 10% HCI wash to dissolve carbonate 
and rinsed with deionized water to a neutral pH. Samples were then freeze-dried and dry-
sieved through a 500-u.m mesh to to remove coarse organic matter that may be of 
terrestrial origin. Organic carbon and nitrogen elemental and stable isotope compositions 
were measured on the fine fraction using a Continuous Flow Isotope Ratio Mass 
Spectrometer (CF-IRMS) at the University of Waterloo Environmental Isotope 
Laboratory (UW-EIL). Elemental organic carbon and nitrogen results are expressed in 
percent weight. Stable isotope results are expressed as deviations in per mil (%o) from a 
standard material. The organic carbon stable isotope composition (5ljC) is measured 
against Vienna Peedee Belemnite (VPDB) and the nitrogen stable isotope composition 
(815N) is measured against atmospheric nitrogen (AIR). Analytical uncertainties of %Corg, 
%N, 613C and 5I5N for SRI KB-2 are ±0.10%, ± 0.01%, ± 0.08%o and ±0.0196o, 
respectively. Analytical uncertainties of %Corg, %N, 513C and 5I5N for SD34 KB-2 and 
RC-2 (combined) are ±0.50%, ± 0.04%, ± 0.12%o and ±0.1 l%o, respectively. Analytical 
uncertainties of %Corg, %N, 513C and 515N for GSL1 KB-1 and RC-1 (combined) are 
±0.50%, ± 0.10%, ± 0.05%o and ±0.40%o, respectively. All analytical uncertainties are 
based on sample replicates. 
3.2.4 Cellulose Oxygen Isotope Analyses 
Oxygen isotope analysis of aquatic plant cellulose extracted from lake sediments can 
be used to reconstruct lake water oxygen isotope composition, a useful tracer of past 
hydrological conditions (Edwards and McAndrews, 1989; Edwards, 1993; Wolfe et al., 
2001, 2007b). Cellulose is a bio-molecule that exists in the cell walls of plants and some 
algae and is preserved in sediments as algal cells within zooplankton fecal pellets, or as 
amorphous organic matter (Edwards, 1993). Aquatic cellulose incorporates the oxygen 
isotope composition of the lake water from which it is formed. The cellulose 5 i 80 can be 
used to reconstruct lake water oxygen-isotope history under the assumption that oxygen 
isotope fractionation between the lake water and cellulose is constant (aceii-iw= 1.028) and 
is independent of temperature and plant species (Wolfe et al., 2001). 
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Sediment from SD34 RC-2, GSLl KB-1 and GSLl RC-1 were analyzed for 
cellulose oxygen isotope composition Sediment from SRI was not analyzed because it 
was determined that analysis of organic carbon and nitrogen content and stable isotope 
composition was sufficient for reconstructing past hydrological conditions. SD34 RC-2 
was sampled at 0.5-cm resolution (4.5 cm - 75 cm) and GSLl KB-1 (0 cm - 26.5 cm) 
and GSLl RC-1 (27 cm - 100 cm) was sampled at 3.0-cm resolution. Cellulose 
extraction involved several steps (Wolfe et al., 2001, 2007b). Acid-washing to remove 
carbonate and sieving to separate coarse and fine fractions (see Analysis of Organic 
Carbon and Nitrogen Content and Stable Isotope Composition) were performed first. 
Solvent extraction, bleaching, and alkaline hydrolysis were performed on the fine fraction 
to remove non-cellulose organic material. Next, removal of iron and manganese 
oxyhydroxides was completed through hydroxylamine leaching, followed by heavy-
liquid density separation using sodium polytungstate to separate the cellulose fraction 
from the minerogenic residue. Cellulose oxygen isotope composition was measured using 
standard methods (Wolfe et al., 2007b) by CF-IRMS at the UW-EIL. Oxygen isotope 
results were expressed as 8-values, which represent deviations in per mil (%o) from the 
Vienna-Standard Mean Ocean Water (VSMOW) standard for oxygen. Analytical 
uncertainties for SD34 RC-2, GSLl KB-1 and GSLl RC-1 were ±0.19%o, ±0.72%o, and 
±0.43%o, respectively, based on sample replicates. 
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Chapter 4 - Results and Interpretation 
4.1 SRI 
4.1.1 Core Description 
Visual observations of the SRI KB-2 sediment core prior to field sectioning revealed 
two distinct units. The lower unit extended from the base of the core (39.5-cm depth) to 
30.5-cm depth and consisted of inorganic-rich, light grey, silty clay sediment. No plant 
fibres were observed in these lower strata and LOI revealed high percent mineral matter 
(78.0% to 90.0%) and low organic matter content (8.1% to 18.7%) below 30.5-cm depth 
(Figure 10). At 30.5-cm depth there was an abrupt contact where sediment changed from 
light grey silty clay to dark brown organic sediment (Figure 10). A similar silty clay -
organic contact was observed in the longer Russian core collected from SRI (SRI RC-1). 
The silty clay interval of the Russian core extended from the contact to the base of the 
core, indicating that this interval extended at least 57 cm below the base of SRI KB-2. 
However, the Russian core was not used for analysis because SRI KB-2 captured the 
sediment contact and the uppermost sediments extending to the sediment-water interface 
were obtained. 
The upper strata in SRI KB-2 consisted of dark brown organic sediment and 
extended from 30.5 cm - 0 cm. Organic matter content increased towards the top of the 
core from 19.1% to 30.1% and was higher than in the lower unit. The increase in organic 
content (Figure 10) was coupled with an increase in visible plant fibres towards the top of 
the core. 
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Figure 10. Organic matter content and mineral matter values from LOI analysis on SRI KB-2. An 
image of SRI RC-2 is scaled to fit the core depth of SRI KB-2 in order to highlight the sediment 
contact at 30.5-cm core depth. 
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4.1.2 Sediment Core Chronology 
Total 2l0Pb activity for SRI KB-2 ranged from 0.023 Bq/g to 0.134 Bq/g. Total 2,0Pb 
activity peaked at 3.25-cm midpoint core depth (0.130 Bq/g) and then generally declined 
from 3.25-cm (0.101 Bq/g) to 15.25-cm (0.040 Bq/g) midpoint core depth (Figure 11a). 
From 15.25-cm to 39.25-cm, values became relatively constant, ranging from 0.023 Bq/g 
to 0.059 Bq/g. It was estimated that background (i.e., supported) 2,0Pb levels were 
reached at approximately 15.25-cm midpoint depth (0.040 Bq/g) where total 2l0Pb 
activity becomes relatively constant. This resulted in a basal Constant Rate of Supply 
(CRS) 2,0Pb date of-1792 AD at the 15.25-cm depth horizon (Figure 11a, b). SRI KB-2 
exhibited a well-defined ,37Cs peak that corresponded to a CRS 210Pb date -1963 AD at 
the 9.75-cm midpoint depth horizon (Figure 1 la, b). The dating of the l37Cs peak to 
-1963 AD corresponds to the maximum 137Cs fallout due to above-ground nuclear bomb 
testing. The dating of thel37Cs peak to -1963 AD and a 2,0Pb background value of 0.040 
Bq/g, similar to values determined for cores from the upstream PAD (Wolfe et al., 2005, 
2008b) suggests that modeled CRS dates for SRI KB-2 are robust. The mean sampling 
resolution for SRI KB-2 for the CRS modeled dates is -15.4 years per cm. 
Sediment core chronology below unsupported 21 Pb levels in SRI KB-2 was 
extrapolated using a linear regression of the cumulative dry mass and CRS modeled 2l0Pb 
dates through the 0-cm to 14.25-cm interval. The 0-cm to 15.25-cm interval (where 
supported levels of 2l0Pb were estimated to be reached) was not used to extrapolate dates 
down-core because samples from 14.75-cm and 15.25-cm midpoint depth spanned time 
intervals (-34 and 102 years, respectively) that were significantly larger than the average 
interval for CRS modeled dates above 14.25-cm midpoint depth (-3.0 years) and were 
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most likely the result of the large peak in 2I Pb concentration observed at 15.25-cm depth. 
These values are likely over-estimated and were deemed less reliable. This resulted in a 
date of-1784 AD at the observed sediment contact at 30.5 cm and a basal date of-1546 
AD (39.25-cm midpoint depth) for SRI KB-2 (Figure 1 lb). Below the 30.5 cm horizon, 
there is marked change in the average resolution of extrapolated dates from 8.3 yrs/cm to 
25.4 yrs/cm. A decrease in the resolution of extrapolated dates indicates a slower 
sedimentation rate below the sediment contact at 30.5-cm (Figure 1 lb). Because the 
extrapolation is based on CRS values from the organic sediment above the contact, there 
is less confidence in the chronology below the contact. 
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Figure 11 a) Activity profiles of '"Pb and Cs in Bq/gfor SRI KB-2 Dashed grey line denotes 
background levels of supported 2lnPb b) SRI sediment core chronology based on the Constant 
Rate of Supply (CRS) model, extrapolated down core for KB-2 using a linear regression of 
cumulative dry mass and CRS dates through the 0 cm to 14 75-cm interval 
32 
4.1.3 Geochemical Stratigraphy 
Assessment of the Inorganic Nitrogen Fraction: Correction for C/N Ratios 
Evaluation of inorganic nitrogen is important because, if present, it can depress 
calculation of C/N ratios and lead to incorrect interpretations of this important metric. 
Talbot (2001) suggested that inorganic nitrogen can be detected by plotting percent 
nitrogen (on the y-axis) versus percent organic carbon (on the x-axis) and determining the 
y-intercept of the regression line. If the y-intercept of the regression line passes through 
the y-axis at a positive value, percent nitrogen is present in excess of percent organic 
carbon and the positive y-intercept value can be used as an estimate to correct for the 
presence of inorganic nitrogen. Because of the significant change in sediment 
composition at the visible contact in SRI KB-2, values from above and below the contact 
were plotted separately to assess the presence of inorganic nitrogen. Above the visible 
contact (~1784 AD to -2007 AD), the linear regression intercepts the x-axis indicating 
that organic carbon is present in excess of nitrogen and that bulk nitrogen values from 
this interval do not need correction. In contrast, below the visible sediment contact 
(-1546 AD to -1784 AD), the linear regression intercepts the y-axis at 0.030% (Figure 
11). The 95% confidence interval for -1546 AD to -1784 AD is relatively narrow and 
closely follows the regression line (Figure 12). Therefore, a correction factor of 0.030% 
was applied to bulk N values from this interval. The correction resulted in increases to 
C/N ratios below the contact ranging in value from 0.6 to 1.8. The entire corrected 
geochemical record is shown in Figure 13. 
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O Above the visible contact (~1784 AD to -2007 AD) 
Below the visible contact (-1546 AD to -1784 AD) 
%C org 
Figure 12 Percent nitrogen and percent organic carbon cross-plot of SRI KB-2 Solid lines 
denote linear regression lines Note that for the interval below the visible contact (-1546 AD to 
~1784 AD), the linear regression line intersects the y-axis The value of the y-intercept indicates 
the average amount of inorganic nitrogen for this interval (Talbot, 2001) Dotted lines denote the 
95% confidence intervals for above and below the visible contact 
Geochemical Results and Interpretation 
Organic content and carbon and nitrogen elemental and stable isotope analysis 
have been used to identify four stratigraphic zones in the SRI KB-2 sediment core 
(Figure 13). These zones were determined based on observed changes in the geochemical 
proxies. The transition from Zone 1 to 2 is based on changes in organic carbon, organic 
nitrogen, 8,3C0rg and 5I5N. The visible contact in the sediment was not used to establish 
Zone 2 because changes in most parameters occurred above this horizon. Zone 3 was 
established at changes in the trends of 5I3Corg, 5,5N and C/N ratio and Zone 4 was based 
•13, on a change in 8 Corg. These zones are described and interpreted below. 
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Figure 13 Geochemical records for SRI KB-2 showing a) organic carbon content, b) organic 
nitrogen content (light grey line denotes uncorrected values), c) S/3Carg, d) tf^N, e) C/N (dark 
grey line denotes values before N correction) and f) organic matter content Dashed lines 
distinguish different stratigraphic zones 
Zone 1 (-1546 AD to -1818 AD) 
In Zone 1, organic matter content was relatively variable in comparison to higher in 
the core, and gradually increased from 8.1% to 28.6%. The organic carbon and nitrogen 
contents in Zone 1 were the lowest in the record ranging from 2.6% to 10.2% and 0.22% 
to 0.81%, respectively. Values showed little variability and increased slightly within the 
zone. 8,3Corg values ranged narrowly and declined within Zone 1 from -28.0%o to -
27.4%o. 8I5N values ranged from 0.5%o to 1.3%o and were considerably more variable 
than 8I5N values in other zones. 5I5N values decreased slightly within Zone 1, but 
represented some of the highest values in the record. After correcting for the presence of 
inorganic nitrogen, the C/N ratios ranged from 11.4 to 13.9 and were among the most 
variable and highest in the record. C/N ratios increased gradually throughout Zone 1. The 
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visible stratigraphic contact (30.5 cm) observed in the sediment was located near the top 
of Zone 1. 
The high C/N ratios observed in Zone 1 may be associated with an allochthonous 
source of organic matter because they are slightly higher (>11) than values that are 
typically aquatic in origin (4-10) (Meyers and Teranes, 2001). High SI5N values may also 
suggest a terrestrial supply of organic material as values in Zone 1 (0.5%o to 1.3%o) are 
similar to the 5,5N signature of land plants (~0.5%o) (Meyers and Teranes, 2001). If the 
source of organic material to SRI is indeed allochthonous, organic matter content, 
organic carbon content, organic nitrogen content and 8l3C0rg values are representative of 
organic material from outside the basin and therefore, cannot be used as indicators of 
aquatic productivity within Zone 1. 
Zone 2 (-1818 AD to -1863 AD) 
In Zone 2, organic matter content ranged from 19.1% to 24.4%. Values showed little 
variability and remained relatively constant within the zone. The organic carbon and 
nitrogen contents ranged narrowly from 10.1% to 11.2% and 0.82% to 0.90%, 
respectively. 5l3Corg values ranged from -28.4%o to -27.7%o in Zone 2 with little 
variability (similar to Zone 1). 513C0rg values decreased steadily (from -27.9%o to -
28.3%o) until ~1848 AD at a rate (-0.22%o/year) greater than that of Zone 1 (-
0.0024%o/year). From ~1848 AD to the top of Zone 2, 5'3Corg values increased steadily 
from -28.3%o to -27.7%o. 5I5N values ranged from 0.06%o to 0.96%o showing little 
variability. With the onset of Zone 2, 5 N values declined at a faster rate than Zone 1 
(from 0.96%o to 0.15%o). C/N ratios ranged from 11.5 to 12.4, remaining relatively high, 
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similar to Zone 1. Values were less variable than Zone I, and remained relatively 
constant until -1851 AD, after which values decreased to the top of the zone (from 12.4 
to 11.5). 
High C/N ratios until -1851 AD had a similar range (11.8 to 12.4) to Zone 1 (11.4 to 
12.6) suggesting the dominant source of organic material in Zone 2 remained 
allochthonous. However, after -1851, C/N ratios decreased to the top of the zone. Values 
became closer (11.5) to those of aquatic origin (4-10) (Meyers and Teranes, 2001) 
suggesting a possible shift in the dominant source of organic material from allochthonous 
to autochthonous. A shift in organic material source in Zone 2 may also be supported by 
decreasing 5I5N values throughout the zone. 8I5N values that approach zero by the top of 
Zone 2 are similar to values produced by nitrogen-fixing algae (~0%o ) and may suggest 
increased aquatic productivity towards the top of Zone 2 (Meyers and Teranes, 2001). 
5l3Corg values that increase towards the top of Zone 2 also support an increase in aquatic 
productivity as increasing 8l3Corg values are commonly associated with greater in-lake 
productivity (Schelske and Hodell, 1991; Hodell and Schelske, 1998; Meyers and 
Teranes, 2001). As well, in Zone 2, organic matter content, organic carbon content and 
organic nitrogen content were consistently higher than observed in Zone 1, consistent 
with an increase in aquatic productivity 
Zone 3 (-1863 AD to -1953 AD) 
In Zone 3, organic matter content ranged from 21.2% to 26.7%. Values showed little 
variability (similar to Zone 2) and increased throughout the entire zone. Organic carbon 
and organic nitrogen content narrowly ranged between 10.1% to 11.8% and 0.9% to 
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1.2%, respectively, remaining relatively constant throughout Zone 3 Outlying values 
were observed at -1956 AD (19.5% for %Corg and 1 8% for %Norg). 8l3Corg values in 
Zone 3 ranged from -27.6%o to -27.2%o and are considerably more variable than the lower 
two zones. 513Corg values fluctuate throughout the zone and are the highest values in the 
sediment core. 8I5N values ranged from -0.28%o to 0.07%o and were more variable than 
Zone 2. 5I5N values remained relatively constant throughout the zone. C/N ratios ranged 
narrowly from 10.6 to 11.2 and were lower than the lower two zones. Values remained 
constant throughout Zone 3. 
In Zone 3, lower C/N ratios than the previous two zones (10.6 to 11.2) represent 
values similar to organic matter that is aquatic in origin (4-10) (Meyers and Teranes, 
2001). This suggests that the dominant source of organic matter deposition in SRI 
throughout Zone 3 is autochthonous. Autochthonous deposition of organic matter is 
supported by low 515N values (close to 0%o) throughout the zone. These values are 
similar to those produced by nitrogen-fixing algae and suggest nitrogen-limiting 
conditions within SRI as a result of high primary productivity, similar to studies 
elsewhere (Brenner et al., 1999; Talbot and Laerdal, 2000). Additionally, 5l3Corg values 
in Zone 3 are the highest in the SRI record. Trends of increasing 8l3C0rg values are 
conventionally interpreted as an indicator of increased aquatic productivity (Schelske and 
Hodell, 1991; Hodell and Schelske, 1998; Meyers and Teranes, 2001). High values in 
organic matter content, organic carbon content and organic nitrogen content are 
consistent with deposition of organic material from high aquatic productivity; however 
these values may also represent a reduced flux of inorganic sediment to SRI. 
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Zone 4 (-1953 AD to -2007 AD) 
In Zone 4, organic matter content ranged from 25.1% to 30.5%. Values ranged 
narrowly, gradually increasing to the top of the core. Organic carbon and nitrogen content 
were relatively variable and increased from 11.7% to 14.3% and 1.1 % to 1.4%, 
respectively. These values were the highest in the stratigraphic record. 5ljC0rg values 
ranged from -28.9%o to -27.7%o and were the most variable in the 513Corg record. Values 
gradually decreased towards the top of Zone 4 from -27.7%o to -28.4%o. 8I5N values in 
Zone 4 ranged from -0.30%o to 0.20%o and were similarly variable as in Zone 3. Values 
increased very gradually from -0.06%o to -0.09%o to the top of the record. C/N values 
ranged from 9.9 to 11.2 and showed little variability. Values decreased at the base of 
Zone 4 (from 10.2 to 9.9) and then increased from 9.9 to 11.1 until -1979 AD. C/N ratios 
ranged narrowly between 10.4 and 10.9 from ~1979 AD to the top of the core. 
Throughout Zone 4, C/N ratios remained close to 10, indicating that the dominant 
source of organic matter had not changed from Zone 3 and remained autochthonous. 
Similarly, 815N values remained close to zero (-0.3%o to 0.2%o) suggesting that nitrogen 
remained limited throughout Zone 4. Continued autochthonous deposition of organic 
matter and high aquatic productivity are consistent with continued high organic matter 
content, high organic carbon content and high organic nitrogen content at the top of the 
core. However, applying conventional interpretation of productivity-driven changes in 
SI3CDIC to decreasing 513Corg values within Zone 4 is inconsistent with high productivity 
indicated by all other parameters. This suggests that other factors may have caused a 
change inthe8l3Corg values. 
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4.2 SD34 
4.2.1 Core Description 
In order to maximize length and integrity of the SD34 sediment record, SD34 KB-2 
and SD34 RC-2 were aligned and analyzed. Results from LOl analysis indicated that 
alignment could be achieved by shifting the SD34 RC-2 record down so that the top was 
positioned at 4.5-cm core depth (Figure 14). Between 39.0-cm and 12.5-cm, the organic 
matter content profiles diverge slightly, offset by as much as -10 % (Figure 14). The 
offset in organic content between SD34 KB-2 and RC-2 could be related to the slightly 
different coring locations. The overlap indicates that SD34 RC-2 was missing the 
uppermost 4.5 cm of sediment and that it spanned 75.5 cm to 4.5 cm. 
Visual observations of SD34 RC-2 revealed an abrupt contact in the sediment core at 
62.5-cm depth, which was not observed in the shorter KB-2 gravity core (Figure 13). 
From the base of the core to 62.5 cm, the sediment was light brown silty clay, lacking any 
distinguishable plant material. Similar to the basal sediment of SRI KB-2, sediment 
below 62.5-cm core depth in SD34 RC-2 was very dense and had the lowest percent 
organic matter values in the core (5.4% to 17.6%) (Figure 14). From 62.5 cm to 4.5 cm in 
SD34 RC-2, sediment was darker brown and composed of organic-rich material including 
many visible plant fibres (Figure 13). Organic matter content values were considerably 
higher through this interval and increased from 20.3% to 66.5% to the top of the core 
(Figure 14). The entire length of SD34 KB-2 was composed of dark brown sediment 
similar to SD34 RC-2. There was an increase in organic matter content (from 30.0% to 
85.0%) towards the top of the core similar to the upper sediment of SD34 RC-2. 
However, there are two very low organic matter content values at 1 cm (16.9%) and 0.5 
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cm (27.9%) core depth in SD34 KB-2 (Figure 14) that are not accompanied by any 
observable sedimentary evidence of change. 
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Figure 14 Correlation between SD34 RC-2 and SD34 KB2 using organic matter content values 
from LOI analysis. Top ofSD34 RC-2 overlaps SD34 KB-2 at 4.5-cm core depth. An image of 
SD34 RC-2 core prior to sectioning is scaled to fit the core depth axis. A second image shows the 
contact close up. Dashed line denotes visible sediment contact at ~62.5-cm core depth. 
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4.2.2 Sediment Core Chronology 
Total 210Pb activity for SD34 KB-2 (38 cm to 0 cm) ranged from 0.015 Bq/g to 0.325 
Bq/g and the 2l0Pb activity profile generally declined from 0 cm to 15.25 cm (Figure 
15a). Below 15.25-cm midpoint depth, 2l0Pb activity became relatively constant ranging 
between 0.015 Bq/g and 0.044 Bq/g. Supported 210Pb levels were estimated to be reached 
at approximately 15.25-cm midpoint depth (0.030 Bq/g). This resulted in a basal 
Constant Rate of Supply (CRS) 2l0Pb date of-1856 AD at 15.25-cm midpoint depth, 
providing a mean sampling resolution of 5.0 years from 0 cm to 15.25 cm (Figure 15b). 
Despite a broad but relatively well-defined l37Cs peak at 7.25-cm midpoint depth, this 
occurs at a CRS 210Pb date of-1980 AD, -17 years after peak fallout from above-ground 
nuclear bomb testing. This suggests diffusion of l37Cs has modified the peak position in 
the sediment profile of SD34 KB-2. Diffusion of l37Cs can occur in sediment with high 
organic matter content such as SD34 KB-2 (Figure 14) (Longmore, 1982; Foster et al., 
2006). Diffusion has also been invoked as a process possibly influencing l37Cs activity 
profiles in paleolimnological studies from the upstream PAD (Hall et al., 2004). 
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Figure 15 a) Activity profiles of Pb and Cs in Bq/g for SD34 KB-2, dashed grey line denotes 
background levels of supported Pb b) SD34 sediment core chronology based on the Constant 
Rate of Supply (CRS) model, extrapolated down core for both KB-2 and RC-2 Median 
probability UC dates of two seed samples are indicated 
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Sediment chronology below unsupported 2l0Pb levels in SD34 KB-2 (14.75 cm to 38 
cm) was extrapolated using a linear regression of the cumulative dry mass and CRS 
modeled 2l0Pb dates through the 0 cm to 14.25 cm interval, resulting in a basal date of 
-1496 AD for SD34 KB-2 at 37.75-cm midpoint depth (Figure 15b). Samples from 0 cm 
to 14.25 cm midpoint depth were used and not 0 cm to 15.25 cm (where supported levels 
of21 Pb were estimated to be reached) as samples from 14.75 cm to 15.25 cm spanned 
relatively large time intervals (-23-58 years) that were likely over estimated and deemed 
less reliable (Figure 15b). The chronology of SD34 was extended to include SD34 RC-2 
(37.75-cm to 75 25-ctn midpoint depth) using a linear regression of extrapolated dates 
through the 14.75-cm to 37.75-cm interval of SD34 KB-2. This yielded a date of-998 
AD for the observed sediment contact at 62.5 cm and a basal core date of-762 AD at 
75.25-cm midpoint depth (Figure 15b) Based on this analysis, the sediment record for 
SD34 spans from -762 AD to -2007 AD (-1245 years) (Figure 15b). However, because 
the abrupt change in sediment characteristics below the contact is likely accompanied by 
a change in sedimentation rate, there is increased uncertainty in sediment age below 
62.75-cm midpoint core depth. 
Radiocarbon (l4C) dating of two macrofossil samples (seeds from the aquatic plant 
Potamogeton) from SD34 RC-2 taken from organic sediment above the 62.5-cm depth 
contact resulted in calibrated median probability l4C dates of 649 AD (42.25-cm 
midpoint core depth) and 173 AD (54.25-cm midpoint core depth) (Table 3, Figure 15b). 
These dates are considerably older than the corresponding extrapolated 2l0Pb dates (-815 
years at 45.25 cm and -1018 years at 54.25 cm depth) (Figure 15b). Constraining the 
SD34 2l0Pb chronology using these l4C dates would require a sedimentation rate 
44 
substantially slower (-0.023 cm/year) than the one based on 2l0Pb extrapolation (0.061 
cm/year). The sedimentation rate based on 2l0Pb extrapolation (0 061 cm/year) is also 
similar to average sedimentation rates of other closed-drainage basins upstream in the 
PAD (0.069, 0.056, and 0.069 cm/year for PAD 5, 9 and Bustard Island North Pond, 
respectively; Wolfe et al., 2008a). Additionally, observations of the SD34 RC-2 core 
above the contact reveal no noticeable change in sediment appearance and no evidence of 
sediment loss due to erosion (Figure 14). Therefore, a marked change in sedimentation 
rate (~3 times slower) below 15.75-cm is unlikely. Thus, it was concluded that the 
samples used for radiocarbon (14C) dating were significantly older than the sediment 
matrix. For this reason, the radiocarbon dates were dismissed and the extrapolated 2I Pb 
dates were determined to be most reliable for constructing the sediment core chronology 
Table 3 Results of seed samples from SD34 RC-2 submitted for radiocarbon dating with 2 sigma 
standard deviations (95% probability) Radiocarbon dates were calibrated to calendar years 
before present using the program CALIB (version 6 0) (Stuiver and Reimer, 1993) with the 
calibration data set ofReimer et al (2004) 
Lab 
Number 
Material 
5 ,3C 
(%o) 
Core 
Depth 
(cm) 
Reported 
Age 
(14C yr BP) 
Calibrated 
Age 
(Year AD) 
Relative 
Area under 
the 
distribution 
Median 
Probability 
Beta- Potamogeton -13 6 42 0 1380+/-40 582-694, 0 971 649 
259576 seed to BP 704-705 0 002 
42 5 and 748- 0 027 
765 
Beta- Potamogeton -16 9 54 0 1840+/-40 75-255 and 0 991 173 
259577 seed to BP 305-312 0 009 
54 5 
45 
4.2.3 Geochemical Stratigraphy 
Assessment of the Inorganic Nitrogen Fraction: Correction for C/N Ratios 
Using methods outlined by Talbot (2001), percent nitrogen and percent organic 
carbon were plotted against each other to determine the quantity of inorganic nitrogen for 
SD34 KB-2 and RC-2. Because of the significant change in sediment composition at the 
visible contact in SD34 RC-2, values from above and below the contact were plotted 
separately. Above the visible contact (-998 AD to -2007 AD), the linear regression 
intercepts the x-axis indicating that bulk nitrogen values from this interval do not need 
correction. In contrast, below the visible sediment contact (-762 AD to -998 AD), the 
linear regression intercepts the y-axis at 0.041 % (Figure 16). The 95% confidence 
interval for values below the visible contact is relatively narrow and closely follows the 
regression line (Figure 16). Therefore, a correction of 0.041% was applied to bulk 
nitrogen values from this interval. The correction resulted in increases to C/N ratios 
below the contact ranging in value from 0.7 to 1.7. The entire corrected geochemical 
record is shown in Figure 17. 
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Figure 16 Percent nitrogen and percent organic carbon cross-plot o/SD34 KB-2 and RC-2 
Solid lines denote linear regression lines Note that for the interval below the visible contact 
(-762 AD to -998 AD), the linear regression line intersects the y-axis The value of the y-
intercept indicates the average amount of inorganic nitrogen for this interval (Talbot, 2001) 
Dotted lines denote the 95% confidence intervals for above and below the visible contact 
Geochemical Results and Interpretation 
Four stratigraphic zones in the SD34 sediment record (KB-2 and RC-2 cores) have 
been identified using organic carbon and nitrogen content and elemental and stable 
isotope analyses (Figure 17). These zones were established based on horizons of change 
in the geochemical proxies. The transition from Zone 1 to 2 is based on changes in 
organic matter content, organic carbon content, organic nitrogen content, S'3Corg and the 
C/N ratio. These stratigraphic changes lie at the same horizon as the visible contact 
between silty clay sediment and organic sediment in SD34 RC-2. Zone 3 was established 
at an abrupt shift in 5l3Corg values and Zone 4 was established at another prominent shift 
in 5 Corg values. The four zones are described and interpreted below. 
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Figure 17 Geochemical records for SD34 showing a) percent organic carbon, b) percent organic 
nitrogen (light grey line denote uncorrected values), c) Sl3Corl,, d) fi/^N, e) C/N (dark grey line 
denotes values before N correction), f) organic matter content, and g) cellulose-inferred lake 
water $HO Black line through S*0 values is a 3-point running mean Dashed lines distinguish 
different stratigraphic zones SD34 KB-2 and RC-2 values are overlapped from 4 5 cm to 8 cm 
Plotted values through this interval are an average of KB-2 and RC-2 values 
Zone 1 (-762 AD to -998 AD) 
In Zone 1, organic matter content narrowly ranged from 6.0% to 20.3% and were the 
lowest in the sedimentary record. Values were initially constant (narrowly ranging from 
7.0% to 9.0%), and then gradually increased at -909 AD from 9.0% to 20.3%. Similarly, 
organic carbon and nitrogen content in Zone 1 were the lowest in the record ranging from 
3.0% to 9.6% and 0.3% to 1.3%, respectively. Both parameters gradually increased up-
core. Zone 1 included some of the highest 51 Corg values in the record ranging from -
25.9%o to -24.2%o. Values in Zone 1 had a relatively narrow range in comparison to 
values higher in the core and exhibited a gradual increase towards the top of the zone 
(from -25.3%o to -24.2%o). 5I5N values ranged from 0.6%o to 1.3%o and were the lowest 
in the entire record. The C/N ratios ranged from 12.0 to 12.6 and were relatively constant 
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throughout Zone 1. Cellulose-inferred lake water 5 I 80 values (5i80|W) ranged from -
22.0%o to -17.7%o and were highly variable throughout Zone 1. 5I80|W values in Zone 1 
were among the lowest in the record. 
C/N ratios in Zone 1 were higher than values of organic material aquatic in origin (4-
10), suggesting that the organic material deposited on the lake bed was predominantly 
allochthonous (Meyers and Teranes, 2001). 5I5N values in Zone 1 may also indicate a 
terrestrial supply of organic material as values (0.6%o to 1.3%o) are similar to the 815N 
signature of land plants (~0.5%o) (Meyers and Teranes, 2001). 5I3C values in Zone 1 were 
among the highest in the SD34 sediment record. Conventionally, elevated 8I3C values are 
associated with elevated aquatic productivity (Schelske and Hodell, 1991; Hodell and 
Schelske, 1998; Meyers and Teranes, 2001). Elevated aquatic productivity is not 
consistent with physical observations of the sediment below the visible contact, low 
organic matter, low percent organic carbon and low percent organic nitrogen or with the 
interpretation of C/N ratios. Therefore, the 8,3Corg signature in Zone 1 is most likely 
reflecting the allochthonous source of organic material being deposited in SD34. An 
allochthonous source of organic material may have compromised the SI80|W values in 
Zone 1. However, the raw cellulose values within Zone 1 range from 5.4 %o to 9.6 %o 
(Appendix E) and are significantly lower than those expected for terrestrial cellulose 
(>20%o) (e.g., Saurer at al., 1997). Therefore, the 5 ,80|W values in Zone 1 do not appear to 
be compromised by terrestrial organic material and likely reflect the 8I80|W signature of 
SD34. 
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Zone 2 (-998 AD to -1292AD) 
The transition from Zone 1 to 2 was characterized by changes in many parameters 
and is also associated with the visible sediment contact in SD34 RC-2. Organic matter 
content gradually increased within Zone 2 from 20.3% to 41.9%. Organic carbon content 
increased from 9.6% to 22.8% at a faster rate than Zone 1. In Zone 2, Organic nitrogen 
content increased from 1.3% to 1.7%, but at a slower rate than Zone 1. At the onset of 
Zone 2, 8 Corg values abruptly reversed trend and gradually decreased from -24.8%o to -
25.9%o. 813Corg values through the -1214 AD to -1292 AD interval were among the 
lowest in the sediment record (between -25.9%o and -25.7%o). 815N values gradually 
increased throughout Zone 2 from 0.7%o to 1 .l%o. C/N ratios ranged from 11.9 to 13.4 
and increased throughout the zone. 8I80|W values ranged from -22.4%o to -16.6%o and 
were highly variable. 
The increase in C/N ratios throughout Zone 2 could indicate that the source of the 
organic material is allochthonous. However, the change in sediment composition from 
inorganic to organic at the onset of Zone 2 coupled with increases in organic matter, 
organic carbon and organic nitrogen contents throughout the zone may alternatively 
suggest that deposition of organic matter in SD34 is associated with increased aquatic 
productivity. Teranes and Bernasconi (2000) have documented increases in productivity 
being accompanied by higher 8I5N values. Thus, increasing 8I5N values in Zone 2 may 
further indicate increased aquatic productivity above the visible sediment contact. 
Increased aquatic productivity contradicts the conventional C/N interpretation of 
relatively high C/N ratios reflecting allochthonous organic material deposition, indicating 
that elevated C/N values in Zone 2 may alternatively be the result of diagenetic alteration. 
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C/N ratios derived from algae can increase during sedimentation in lakes having high 
productivity due to active microbial denitrification of organic matter (Meyers and 
Teranes, 2001). Therefore, because of strong evidence from a variety of parameters, the 
organic material source for SD34 throughout Zone 2 is interpreted to be autochthonous 
despite increasing C/N ratios. 
Conventional interpretation of S'3C0rg does not agree with the above interpretation of 
the other geochemical parameters. With the onset of Zone 2, 5l3Corg values began to 
decrease, a trend that is usually interpreted as a decline in productivity (Schelske and 
Hodell, 1991; Hodell and Schelske, 1998; Meyers and Teranes, 2001). As a result, the 
conventional interpretation of 513Corg is likely not appropriate for Zone 2. 5I80|W values in 
Zone 2 remained highly variable and difficult to interpret. However, low 8 Oiw values at 
the onset of Zone 2 may indicate periods of low evaporative enrichment. 
Zone 3 (-1292 AD to -1918 AD) 
In Zone 3, organic matter content gradually increased throughout the zone from 
41.9% to 63.2%). Organic carbon and nitrogen contents ranged from 22.8% to 35.4% and 
1.8% to 2.7%, respectively. Both sets of values gradually increased within Zone 3. S1 Corg 
values ranged from -25.3%o to -24.5%o and were the most variable in the record. The 
transition from Zone 2 to 3 was associated with an abrupt +0.8%o shift in S1 Corg values (-
25.7%o to -24.9%o). Values remained high and variable for the duration of the zone. In 
Zone 3, 5I5N values increased from 1.2%o to 1.8%o. C/N ratios ranged from 13.9 to 15.2 
with little variability. From the onset of Zone 3 until -1381 AD, C/N ratios were 
relatively constant (ranging from 13.9 to 14.4). There was an abrupt increase in C/N 
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ratios (from 14.3 to 15.2) between -1381 AD and -1390 AD, followed by a gradual 
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decrease in values (from 14.1 to 13.6) to the top of the zone. 8 0|W values ranged from -
20.6%o to -15.1%o and were highly variable. Despite this, there was a noticeable 
oscillation in 8I80|W values within Zone 3. An interval of low values occurred between 
-1607 AD and -1736 AD with values generally ranging between -20.6%o to -19.0%o. An 
interval of high 5l8Oiw values occurred between -1745 AD and -1837 AD ranging from -
18.5%o to -15.1%o, and included several of the highest 8180|W values in the record. 
C/N ratios in Zone 3 are higher (13.9 to 15.2) than those aquatic in origin (4-10). 
Similar to Zone 2, elevated values in Zone 3 may be explained by diagenetic alteration. 
C/N ratios produced by aquatic algae under highly productive conditions can increase 
during sedimentation due to active microbial denitrification of organic matter (Meyers 
and Teranes, 2001). High productivity in Zone 3 is suggested by elevated organic matter 
deposition as indicated by high organic matter, organic carbon and organic nitrogen 
contents. High aquatic productivity is further supported by increasing 815N values in 
Zone 3. Increased productivity can be accompanied by higher 8I5N values as observed by 
Meyers and Teranes (2000). 8lsO|W values in Zone 3 were higher than Zones 1 and 2, 
possibly indicating that evaporative enrichment had increased. 
Zone 4 (-1918 AD to -2007 AD) 
In Zone 4, organic matter content ranged from 59.1% to 84.9% with the exception of 
two outlier values (2004: 16.9%; 2006: 27.9%) that are very low. Similar changes are not 
observed at these horizons in any other proxy. Organic matter content increased 
throughout the zone from 63.2% to 84.9%. Organic carbon and nitrogen contents 
52 
narrowly ranged from 35.4% to 41.0% and 2.7% to 3.5%, respectively. Values increased 
throughout Zone 4 with greater rates of increase occurring after ~1980 AD. 8l3C0rg values 
ranged from -26.6%o to -25.3%o and are less variable than the previous zone. Values 
sharply decreased at the onset of Zone 4 from -25.3%o to -26.3%o to top of the record. 
5I5N values gradually increased from 1.8%o to 2.5%o. Similar to percent organic carbon 
and nitrogen values, 5I5N values exhibited a greater rate of increase after -1980 AD. C/N 
values ranged from 11.7 to 13.9 with less variability than Zone 3 and remained relatively 
constant until -1980 AD. C/N ratios declined after-1980 AD from 13.6 to 11.8. 5'80,w 
values remained highly variable through this zone ranging from -19.9%o to -15.8%o and 
had no discernable pattern. 
Relatively high C/N ratios (11.7 to 13.9) may suggest an allochthonous source of 
organic material for Zone 4. However, preferential loss of nitrogen from organic matter 
can cause C/N ratios derived from algae to increase (Meyers and Teranes, 2001). As a 
result, the high C/N ratios may be the result of microbial denitrification of organic matter 
in the lake sediment under highly productive conditions, similar to that observed by 
Sarazin et al. (1992). Bulk organic, organic carbon and organic nitrogen contents and 
5,5N values in Zone 4 are all high, suggesting high productivity. C/N ratios after -1980 
AD decreased rapidly and are lower than values at the base of the zone. These values 
most likely represent C/N ratios that have not yet been altered by diagenetic effects 
inferred lower in the core. Similarly, percent organic matter, percent organic carbon and 
percent nitrogen all rapidly increase after -1980 AD, possibly indicating that diagenesis 
has not altered the uppermost sediments. 
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The lowest 5l3C0rg values occur at the top of Zone 4 with the greatest rates of 
decrease occurring after -1980 AD, similar to other parameters measured for SD34. The 
shift to lower values at the onset of Zone 4 would conventionally correspond to decreased 
productivity, contradicting interpretations of the other geochemical variables. This would 
suggest that similar to Zone 1 and 2, the conventional interpretation of 813Corg values is 
not appropriate for Zone 4. As well, 8I80|W values continued to be highly variable. The 
range of values in Zone 4 is similar to Zone 3 making any interpretation of hydrologic 
change based on 8180|W difficult. 
4.3 GSL1 
4.3.1 Core Description 
To maximize the length and integrity of the GSL1 sediment record, GSL1 KB-1 and 
GSL1 RC-1 were aligned and analyzed. The organic matter content profile from GSL1 
RC-1 (upper 43.5 cm) was shifted down by 0.5 cm to achieve the best observed overlap 
with the organic matter content profile of GSL1 KB-1 (0 cm to 26.5 cm) (Figure 18). 
This indicated that GSL1 RC-1 was only missing the uppermost 0.5 cm of sediment and 
the core spanned 0.5 cm to 100 cm of the GSL1 sediment profile (Figure 19). Therefore, 
overlapping the top of GSL1 RC-1 at 0.5 cm of GSL1 KB-1 generated a 100-cm-long 
sediment record. 
The depth interval of 20 cm to 15 cm in GSL1 RC-1 included a large piece of plant 
material that corresponded with anomalously high and erratic percent organic matter 
content values (Figure 18). Thus, only GSL1 RC-1 samples below 20-cm depth and 
GSL1 KB1 samples from 26.5 cm to 0 cm were further analyzed for geochemical 
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parameters. Percent organic carbon values from this continuous record are used to 
accompany visual observations of the sediment core because LOI (organic content) was 
only conducted on the uppermost 43.5 cm of GSL1 RC-1. 
Visual observations of GSL1 RC-1 revealed a lithologic contact between 73 and 68-
cm core depth that was gradational, in contrast to the abrupt contact visible in SRI and 
SD34 (Figure 18). However, similar to the previously described cores, the gradational 
contact in GSL1 RC-1 separated two distinct stratigraphic units in the GSL1 sediment 
profile. The basal sediment (100-cm to 73-cm) was light brown silty clay and absent of 
plant material. Faintly visible laminations were observed throughout the lower strata 
(Figure 18) and a change in sediment particle size was observed from 92-cm to 88-cm 
where sediment was visibly coarser. These sediments are characterized by very low 
percent organic carbon values ranging from 1.2% to 4.6% (Figure 19). At 73-cm core 
depth, a gradual shift from light brown inorganic material to dark brown organic-rich 
material was observed. This observation was accompanied by an abrupt increase in 
percent organic carbon values from 4.6% to 25.8% through the 73 cm to 68 cm 
gradational contact (Figure 19). From 68 cm to 0 cm, sediment was dark brown and 
composed of organic-rich material including visible plant material that increased in 
abundance towards the top of the core (Figure 19). These sediments were characterized 
by high percent organic carbon values (30.6% to 45.2%) that increased towards the top of 
the core (Figure 19). 
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GSL1 RC-1 correlation 
from 0.5 cm to 26.5 cm 
core depth 
Plant material in GSL1 RC-
(15 cm to 20 cm) 
i—'—l—'—l 
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Organic Matter Content 
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Figure 18. Correlation between GSLl RC-1 and GSLl KB-1 using organic matter content from 
LOI analysis. Top of GSLl RC-1 overlaps GSLl KB-1 at 0.5-cm core depth An image of a tuber 
which affected the percent organic content values within GSLl RC-1 is shown at 15 cm to 20 cm 
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Figure 19 Organic carbon content for GSLl KB-1 (26.5 cm to 0 cm) and GSLl RC-1 (100 cm to 
20 cm). The two cores are overlapped between the 20 cm to 26.5 cm interval. An image of GSLl 
RC-1 prior to sectioning is scaled to fit the core depth axis. A second image shows the contact 
close up. Grey dashed lines denote visible gradational contact from 73 cm to 68 cm 
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4.3.2 Sediment Core Chronology 
Total 2l0Pb activity for GSL1 KB-1 ranged from 0.005 Bq/g to 0.260 Bq/g. Values 
declined from 0.250 Bq/g at 0-cm to 0.037 Bq/g at 11.75-cm midpoint core depth and 
become less variable between 12.25-cm and 26.25-cm midpoint core depth (ranging from 
0.005 Bq/g to 0.023 Bq/g). Supported 2l0Pb levels were estimated to be reached where 
210Pb activity becomes constant at -12 25-cm midpoint depth (0.018 Bq/g) (Figure 20a). 
This resulted in a CRS 210Pb date of-I860 AD at 12.25-cm midpoint depth and provided 
a mean sampling resolution of 11.5 years through the 0-cm to 12.25-cm interval (Figure 
20b). 137Cs values from GSL1 KB-1 lacked a well-defined peak, and instead declined 
steadily from the top of the core to 12.25-cm midpoint depth (Figure 20a). The absence 
of a peak likely indicates diffusion of lj7Cs which occurs more frequently in organic-rich 
sediments (Longmore, 1982; Foster et al., 2006) such as those as the top of GSL1 KB-1 
(Figure 18). Therefore, l37Cs from GSL1 is unreliable for constraining the sediment core 
chronology. 
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Figure 20 a) Activity profiles of 2l"Pb and '3 Cs in Bq/g for GSLl KB-1, Dashed grey line 
denotes supported 2l0Pb b) GSLl sediment core chronology based on the Constant Rate of 
Supply (CRS) model, extrapolated down-core for both KB-1 and RC-1 
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A linear regression of the cumulative dry mass and CRS modeled 2l0Pb dates through 
the 0-cm to 11 25-cm interval of GSLl KB-1 was used to extrapolate dates below 
unsupported 2l0Pb levels in GSLl KB-1. Dates were extrapolated from 11.25-cm depth to 
the bottom of the core and not from 12.25-cm where supported levels of 2l0Pb were 
estimated to be reached, as calculated CRS dates for samples from 11.75 cm to 12.25 cm 
spanned relatively large time intervals (-21-35 years) that ware likely overestimated and 
were deemed to be less reliable Extrapolation resulted in a basal date of-1728 AD for 
the gravity core at 26.25-cm midpoint depth (Figure 20b). Using a linear regression of 
extrapolated dates through the 11.25 cm to 26.75 cm interval of SD34 KB-1 and midpoint 
depth, the chronology of GSLl was extended to include GSLl RC-1 (26.75 cm to 99.75 
cm) This yielded a dated interval of ~1142 AD to -1199 AD for the gradational contact 
observed in the sediment core between 73-cm and 68-cm depth and a basal core date of 
-803 AD at 99.75-cm midpoint depth (Figure 20b). Therefore, the sediment record for 
GSLl spans from -803 AD to -2007 AD (-1204 years) (Figure 20b). However, similar 
to SRI and SD34, the change in sediment characteristics below the contact is likely 
accompanied by a change in sedimentation rate, increasing the uncertainty in sediment 
age below 68 cm. 
Radiocarbon (l4C) dating was not used to constrain the chronology of GSLl because 
there were no plant macrofossils found in the core. Bulk samples were not submitted for 
l4C dating because the presence of bitumen in the Peace and Athabasca river basins 
(upstream of the Slave River) has previously resulted in dates that are too old (e.g., Wolfe 
et al., 2006). Unreliable radiocarbon dates obtained for SD34 coupled with an absence of 
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reliable dating material resulted in the decision to not attempt radiocarbon dating as a tool 
for constraining the 2I Pb-extrapolated sediment chronology. 
4.3.3 Geochemical Stratigraphy 
Assessment of the Inorganic Nitrogen Fraction: Correction for C/N Ratios 
Because of the significant change in sediment composition at the gradational contact 
in GSL1 KB-1, percent nitrogen and percent organic carbon values from above, below 
and within the gradational contact were plotted separately. Above the visible contact 
(~1199 AD to -2007 AD), the linear regression intercepts the x-axis indicating that 
organic carbon is present in excess of nitrogen and that bulk nitrogen values from this 
interval do not need correction. In contrast, within and below the visible sediment contact 
(~1155 AD to ~1199 AD and -803 AD to -1199 AD), linear regressions intercept the y-
axis at 0.0409 % and 0.0165 %, respectively (Figure 21). Although these values are 
relatively small, the percent organic carbon and nitrogen values are also relatively small, 
making the correction factor meaningful. The 95% confidence intervals for -1155 AD to 
~1199 AD and -803 AD to -1199 AD are very narrow and closely follow the regression 
line (Figure 21). Therefore, corrections of 0.0409 % and 0.0165 % were applied to bulk 
N values from within and below the gradational contact, respectively. The correction 
resulted in increases to C/N ratios at the gradational contact ranging in value from 0.3 to 
1.3 and below the gradational contact ranging from 0.5 to 3.7. The entire corrected 
geochemical record is shown in Figure 22. 
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O Above gradational contact (-1199 AD to -2007 AD 
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Figure 21 Percent nitrogen and percent organic carbon cross-plot ofGSLl KB and RC-1. Solid 
lines denote linear regression lines Note that for the interval within (~1155 AD to ~1199 AD) 
and below (~803 AD to ~1199 AD) the gradational contact linear regression lines intersect the 
y-axis. The value of the y-intercept indicates the average amount of inorganic nitrogen for this 
interval (Talbot, 2001) Dotted lines denote the 95% confidence intervals for above and below the 
visible contact 
Geochemical Results and Interpretation 
Assessment of the geochemical results has identified five stratigraphic zones in the 
GSL1 sediment record including the gradational contact (Figure 22). The transition from 
Zone 1 to the gradational contact is based on changes in all variables. The gradational 
contact is characterized by sharp trends in all parameters. Similarly, Zone 2 was based on 
changes in trend observed in all parameters. The base of Zone 3 is characterized by shifts 
in 813Corg, 515N and C/N values and Zone 4 was based on changes in trends for 813Corg, 
percent organic carbon and percent organic nitrogen. The four zones and gradational 
contact interval are described and interpreted below. 
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Figure 22 Geochemical records for GSL1 showing a) percent organic carbon, b) percent 
organic nitrogen (dark grey line denotes uncorrected values), c)S Con!, d)o*N, e) C/N (dark grey 
line denotes values before N correction), f) cellulose-inferred lake water $sO Dashed lines 
distinguish different stratigraphic zones GSLJ KB-1 and RC-1 values are overlapped from 20 cm 
to 27 cm Plotted values through this interval are an average of KB-1 and RC-1 values 
Zone 1 (-803 AD to -1142 AD) 
In Zone 1, organic carbon and nitrogen contents narrowly ranged from 1.5% to 1.9% 
and 0.05% to 0.19%, respectively. Values were the lowest in the record for both 
parameters. 5l3Corg and S15N values in Zone 1 ranged from -27.0%o to -26.0%o and 1.2%o 
to 2.2%o, respectively, with little variability and were the highest in the record. Both 
proxies remained relatively constant throughout the zone. C/N ratios ranged from 13.6 to 
19.1 and were highly variable. Values weakly increased towards the top of the zone and 
were the highest in the record. 8,8Oi.w values are the lowest in the record ranging between 
-24.1%o to -20.2%o and remain relatively constant throughout the zone. 
High C/N ratios (>15) in Zone 1 are higher than those typically produced by aquatic 
plants (<10), suggesting that the dominant source of organic material deposited is 
13/-
allochthonous (Meyers and Teranes, 2001) 5 ""Corg values in Zone 1 were the highest in 
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the GSL1 record. However, the 5l3Corg signature in Zone 1 is most likely reflecting the 
§' Corg signature of the allochthonous source of organic material deposited in GSL1 and 
not aquatic productivity. Similarly, low percent organic carbon and nitrogen values may 
also reflect the allochthonous source of organic material. However, similar to SD34, raw 
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5 O values in Zone 1 (ranging from 3.2%o to 7.2%o; Appendix E) are considerably lower 
than those typically produced by terrestrial plants (>20%o) (e.g., Saurer et al., 1997) 
suggesting that these values were not compromised by terrestrial organic material and 
that they do reflect the 8I80]W signature of GSL1. Low 5180iw values likely reflect lake 
water that has undergone minimal evaporative isotopic enrichment. 
Gradatwnal Contact (-1142 AD to -1199 AD) 
Across the gradational contact, organic carbon and nitrogen contents increased 
substantially from 3.5% to 25.8% and 0.3% to 1.9%, respectively. 8l3Corg and 5I5N 
values decreased from -29.1%o to -27.2%o and -0.2%o to 1.2%o, respectively. C/N ratios 
ranged from 12.7 to 14.4 with less variability than Zone 1. Values shifted to lower ratios 
at the onset of the gradational contact and remained relatively constant. 51 0|W values 
within the gradational contact increased from -21.9%o to -20.2%o. 
The gradational contact represents an interval of rapid change within the GSL1 
sediment profile. The shift to lower C/N ratios is towards values representative of organic 
material that is aquatic in origin (4-10), indicating a possible change in the dominant 
source of organic material deposited in the basin from allochthonous to autochthonous 
(Meyers and Teranes, 2001). However, C/N ratios in the gradational contact are still 
relatively high compared to values typically observed for organic material that is aquatic 
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in origin. The higher values are most likely the result of nitrogen-limiting conditions, 
which has been shown to elevate C/N ratios (Meyers and Teranes, 2001). Nitrogen-
limiting conditions throughout the gradational contact are supported by 81 N values that 
decrease towards 0%o. 8,5N values close to 0%o may be associated with high abundances 
of nitrogen-fixing algae. Increases in percent organic carbon and nitrogen throughout the 
gradational contact, suggest an increase in aquatic productivity, which is consistent with a 
high abundance of nitrogen-fixing algae. An autochthonous source of organic material 
and increased aquatic productivity is consistent with the transition from silty clay to 
organic sediment observed in the sediment core. As well, increasing 5180|W values may 
suggest increased evaporative loss of water from GSL1 characteristic of a lake 
transitioning into an isolated basin. However, conventional interpretation of 81 Corg 
values through this interval suggests a decline in productivity, contradicting all other 
interpretations. 
Zone 2 (-1199 AD to -1577 AD) 
In Zone 2, organic carbon and nitrogen content were more variable than Zone 1 
and gradually increased from 25.8% to 43.2% (%Corg) and 1.8% to 2.8% (%N) towards 
the top of the zone. 5l3Corg values ranged from -30.2%o to -29.0%o with little variability. 
8I5N values in Zone 2 ranged from -1.1 %o to 0.1%o and were more variable than Zone 1. 
C/N ratios increased slightly from 13.3 to 16.0 and were slightly more variable than Zone 
2. 818Oiw values gradually increased from -21.0%o to -16.9%o to the top of the zone. 
Despite a slight increase in C/N ratios throughout Zone 2, values were consistently 
lower than Zone 1. This would suggest that the dominant source of organic material 
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remained unchanged from the gradational contact and was most likely autochthonous. 
Similar to the gradational contact, C/N ratios were likely elevated due to nitrogen-
limiting conditions. 8LN values in Zone 2 were close to 0%o, indicating that nitrogen-
fixing algae may have been an abundant source of organic matter Consistently high 
values of percent organic carbon and nitrogen indicate high levels of organic matter 
deposition and aquatic productivity in Zone 2. High aquatic productivity in GSL1 
throughout Zone 2 is consistent with organic sediment observed above the gradational 
contact in GSL1 RC-1. 8I80|W values that increase throughout the zone may indicate 
continued evaporative enrichment within GSL1 that began at the gradational contact. 
Once again, conventional interpretation of 513Corg values proved inappropriate as low 
8l3C0rg values in Zone 2 would suggest low productivity through this interval, 
contradicting interpretations from all other parameters. 
Zone 3 (-1577 AD to -1957 AD) 
In Zone 3, percent organic carbon ranged from 38.4% to 45.2% and was less variable 
than Zone 2. Values remained relatively constant throughout Zone 3. Percent nitrogen 
increased gradually from 2.6% to 3.2% with variability remaining similar to Zone 2. 
S13Corg values ranged from -29.1%o to -28.1%o and were less variable than values from 
Zone 2. 513Corg values abruptly increased through the transition of Zone 2 and 3 (from -
29.3%o to -28.9%o), and gradually increased throughout the remainder of the zone (from -
28.9%o to -28.2%o). 5I5N values ranged from -1 .l%o to 0.4%o with variability similar to 
Zone 2. Values rapidly shifted at the base of Zone 3, increasing from -0.7%o to 0.4%o in 
~31 years. After the shift, 8I5N values decreased gradually throughout the remainder of 
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the zone from 0.4%o to -0.3%o. C/N ratios gradually decreased from 16.8 to 13.7 and 
maintained variability similar to Zone 2. 8I80|W values are relatively constant ranging 
from-18.7%oto-17.0%o. 
C/N ratios throughout Zone 3 had a similar range (13.7 to 16.8) as Zone 2 (13.3 to 
16.0). This similar range of values indicates that the source of organic material deposited 
in GSLl had not likely changed from Zone 2 to 3 and that it remained autochthonous 
despite relatively high C/N ratios. As well, throughout most of Zone 3, 8I5N values 
ranged close to 0%o, indicating nitrogen-limiting conditions. Similar to Zone 2, nitrogen-
limitation was likely the cause of elevated C/N ratios in Zone 3. Additionally, 
consistently high percent organic carbon values and increasing percent nitrogen values 
suggest that high aquatic productivity and organic matter deposition continued from Zone 
2 to 3. High aquatic productivity and autochthonous deposition of organic material is 
consistent with visibly organic sediment observed through this interval of the GSLl 
sediment profile. Additionally, the positive shift in 8I5N values at the onset of Zone 3 
may indicate a brief change in nitrogen cycling within GSLl. Elevated 8I5N signatures at 
the bottom of Zone 3 may reflect a brief influx of nitrogen from outside the basin. 5180|W 
values are higher in Zone 3 than Zone 2, suggesting an increase in evaporative 
enrichment within GSLl. Similar to 815N, 813Corg values abruptly increased at the onset 
of Zone 3, a shift that is conventionally associated with increased aquatic productivity. 
However, there is a lack of evidence in any other parameter to support an abrupt increase 
in aquatic productivity, therefore it is unlikely that a conventional interpretation of 8l3Corg 
is appropriate for this zone 
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Zone 4 (-1957 AD to -2007 AD) 
In Zone 4, percent organic carbon and nitrogen values gradually increased from 
41.4% to 44.4% and 2.9% to 3.3%, respectively. 513Corg values decreased from -29.5%o to 
-28.2%o. 5I5N values ranged from -0.5%o to 0.1 %o with a similar variability to Zone 3 and 
remained constant. C/N ratios ranged from 13.4 to 14.6 and were among the lowest in the 
record. Variability remained the same as Zone 3 and values were relatively constant 
throughout the zone. 818Oiw values in Zone 4 increased markedly from -17. l%o to -10.1%o 
and were the highest in the record. 
C/N ratios in Zone 4 (13.4 to 14.6) were among the lowest in the GSL1 record. 
These ratios were the closest in the record to ratios typically reported as aquatic in origin 
suggesting that the supply of organic material in Zone 4 was from an autochthonous 
source. As well, in Zone 4, 5I5N values of around 0%o suggest that nitrogen was limited. 
Nitrogen-limiting conditions are then likely the reason C/N ratios in Zone 4 are slightly 
higher than those expected from autochthonous organic material. Zone 4 also represents 
the highest percent organic carbon and nitrogen values in the GSL1 record. These values 
indicate high aquatic productivity and deposition of organic material similar to Zone 3. 
Percent organic carbon and nitrogen values in Zone 4 that are slightly higher than Zone 3 
are likely the result of recently deposited sediment that has not yet undergone diagenesis. 
An autochthonous source of organic material and high aquatic productivity is consistent 
with visibly organic sediment at the top of the GSL1 sediment record. 5 ,80|W values that 
increase to the highest in the record may suggest that the highest degree of evaporative 
enrichment occurred in Zone 4. As well, the 5I80|W value of -10.1 %o at the top of Zone 4 
is typical of values found in the evaporation-dominated lakes of SRD (Brock et al., 
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2007). Declining 5'3Corg values are conventionally associated with declining aquatic 
productivity (Schelske and Hodell, 1991; Hodell and Schelske, 1998; Meyers and 
Teranes, 2001). Such an interpretation would contradict all other parameters, suggesting 
that conventional interpretation is not appropriate for Zone 4. As well, diagenesis can 
cause an increase in 8l3Corg values (Herczeg, 1988). Therefore, the sharp decrease in 
§13Corg values near the top of Zone 4 may be the result of uppermost sediments not having 
undergone diagenesis. 
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Chapter 5 - Discussion 
Constructing a millennial-scale hydrologic history for the Slave River system 
requires a systematic examination of data obtained from the stratigraphic records of SRI, 
SD34 and GSLl. A change in depositional environment interpreted from a change in 
almost all parameters at the visible contact in each of the stratigraphic records will 
initially be discussed. This will help to determine the timing, and potential drivers of 
change at each study site. In addition, a variety of factors that have caused conventional 
interpretation of C/N ratios to be contradictory to other measured parameters at each 
study site will be discussed. An open-drainage diatom indicator record for GSLl is then 
explored to aid in the paleohydrological reconstruction and is compared to parameters 
measured for GSLl within this study. A second interval of hydrologic change not widely 
identified in the geochemical record of GSLl is evident in the diatom record. This change 
appears to be captured in only the 5I80|W and 5l3Corg records, highlighting the sensitivity 
of these two records to hydrologic change that occurred at GSLl. Complications with 
conventional interpretation of 5l3Corg in GSLl and SD34 are then addressed in order to 
establish a 8l3C0rg interpretation consistent with all other parameters. Lastly, 
interpretations of key parameters from each study lake are used in conjunction with 
published reconstructed climate and hydrologic records to detail a -1200-year record of 
hydrologic variability within the Slave River system. 
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5.1. A Change in Depositional Environment at the Sediment 
Contacts of SRI, SD34 and GSL1 
A prominent stratigraphic change occurs at the inorganic-organic sediment 
contact common to all study sites. At each site, the inorganic sediment occurred at the 
base of the record and more organic-rich sediment extended from the contact to the top of 
the record. Interpretation of the organic material source above and below the contacts 
within each study lake was complicated by factors affecting the C/N ratio that differed 
among these lakes. The interpretation of C/N ratios at SRI was conventional. At SRI, 
ratios below the contact were higher than values typically produced by aquatic sources 
(<10) (Figure 23), clearly suggesting that organic material below the contact was from an 
allochthonous source. C/N values above the contact approach the range typically 
produced by aquatic sources (Figure 23) more so than the values below the contact, 
suggesting that organic material above the contact in SRI was autochthonous. 
In contrast to SRI, C/N ratios below the contact in SD34 were among the lowest 
in the record (Figure 23). An abrupt change in all parameters (Figure 17) was interpreted 
to suggest that diagenesis had affected the geochemical parameters below -1980 AD, 
indicating that elevated ratios above the contact were likely attributed to nitrogen loss as 
a result of diagenesis. An increase in aquatic productivity indicated by percent organic 
matter content, percent organic carbon and percent organic nitrogen values indicated that 
organic material above the contact was likely from an autochthonous source, similar to 
SRI. Additionally, low percent organic matter content, percent organic carbon and 
percent organic nitrogen values coupled with mineral-rich sediment (Figure 17), 
suggested an allochthonous source of organic material below the contact despite 
comparatively low C/N ratios. 
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Figure 23 C/N ratios for study lakes, SRI, SD34 and GSL1 Visible sediment contacts are 
marked by horizontal dashed lines (bottom and top ofGSLl gradational contact are marked with 
dashed lines) Cellulose-inferred lake water 3HO is also included for GSL1 with the range of 
Slave River S>*0 as reported by Brock et al (2008) identified as a vertical dashed lines 
In the GSL1 record, C/N ratios below the contact were higher than those typically 
derived from aquatic sources (Figure 23), suggesting that organic material in this interval 
was allochthonous. Similar to SD34, C/N ratios above the contact in GSL1 remained 
high. However, 5I5N values close to zero above the contact (Figure 22) suggested 
nitrogen-limiting conditions that have been shown to elevate C/N ratios (Meyers and 
Teranes, 2001). Therefore, elevated C/N ratios due to nitrogen-limiting conditions 
coupled with high percent organic carbon and percent organic nitrogen values suggested 
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autochthonous organic mater deposition above the contact in GSL1, similar to SD34 and 
SRI. The shift in organic material source observed at the contact of each study lake was 
accompanied by a change in sediment composition, likely indicating a change in 
depositional environment. 
Allochthonous organic material below the visible contact corresponds with low 
percent organic carbon and percent organic nitrogen values in each study lake and 
because the source of organic material is from outside the study basins, these values 
reflect the allochthonous source of organic material Therefore, low percent organic 
carbon and organic nitrogen values below the visible contacts of each study lake indicate 
that any supply of in-lake, aquatic organic material to each study basin is diluted by the 
high inorganic content of the allochthonous source. 
Geochemical analysis of freshly deposited Slave River flood sediment collected in 
2005 reveals that Slave River sediment has low organic carbon and organic nitrogen 
contents and high C/N ratios, not unlike the values observed below the visible contacts of 
SRI, SD34 and GSL1 (Table 4). As well, laminations observed at the base of the GSL1 
sediment profile likely represent sporadic pulses of sediment to the basin suggesting 
riverine influence below the contact. Laminations in the sediment of GSL1, geochemical 
and isotopic characteristics similar to Slave River sediment and close proximity to relict 
Slave River distributary channels (Figure 24) suggest that the Slave River is a likely 
source of allochthonous organic material deposition in the lower strata of SRI, SD34 and 
GSL1. Additionally, 5I80|W values measured from the Slave River and below the contact 
in GSL1 (Brock et al, 2008) are both low (Figure 23), likely reflecting water that has 
undergone minimal evaporative isotopic enrichment. However, 5I80|W values below the 
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contact of GSL1 (-24.1%o to -20.2%o) are noticeably lower than contemporary Slave 
River values (-17.7%o to -19 2%o) and may represent a Slave River 8 I80 signature that is 
more depleted than the present, possibly due to increased snowmelt runoff from 
headwater regions. 
Table 4 Comparison of percent organic carbon, percent nitrogen and C/N ratios measured from 
recently deposited Slave River flood sediment (Brock et al, 2010) to values measured below the 
sediment contacts of SRI, SD34 and GSL1 
Sample 
Slave River 
SRI 
SD34 
GSL1 
%C o r g 
1 0 
2 6 - 1 0 2 
3 0 - 9 6 
1 5 - 1 9 
%N 
(SR1,SD34,GSL1 
values corrected for 
inorganic nitrogen) 
0 06 
0.22-0.81 
0 3 0 - 1 30 
0 0 6 - 0 19 
C/N 
(SRI, SD34, GSL1 
values corrected for 
inorganic nitrogen) 
159 
11 4 - 1 3 9 
1 2 0 - 126 
1 3 6 - 19 1 
GSL water proximal to the SRD is turbid due to sediment supplied by the Slave 
River (Rawson, 1950). As a result, suspended sediment in GSL would have a similar 
geochemical signature to that of the Slave River. Therefore, GSL is also a potential 
source of allochthonous organic material to SD34 and GSL1 as both lakes are similarly 
elevated from the present-day shore of the lake (Figure 7). Reconstructions of the delta 
front using radiocarbon ages of wood samples by Vanderburgh and Smith (1988) have 
indicated that at ~1180 years BP, the delta front was located northwest of both SD34 and 
GSL1 (Figure 24). This would suggest that the position of the delta front likely did not 
cause the current positions of SD34 and GSL1 to be inundated by GSL within the last 
-1200 years. 
Time intervals for sediment deposited below the contact (SD34: -762 AD to -998 
AD, GSL1: -803 AD to -1142 AD) for both SD34 and GSL1 correspond to extremely 
low lake levels reconstructed for Lake Athabasca upstream (Wolfe et al., 2008a). Lake 
Athabasca and GSL are both large natural reservoirs in the same river system that have 
been shown to respond similarly during wet and dry years in the observational record 
(Bennett, 1970), making it unlikely that GSL water levels were high enough -1000 years 
ago to inundate the two study lakes. Relatively low lake levels in GSL coupled with a 
documented SRD front that was lakeward of the current positions of SD34 and GSL1 
would suggest that GSL is likely not the source of inorganic sediment below the contacts. 
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Figure 24. Soil map of Slave River Delta and surrounding area (Canada Department of 
Agriculture, 1971). Study Sites GSL1 and SD34 are highlighted as well as relict river channels 
located to the north ofGSLl. Approximate position of SRD front at -1180 years BP is drawn as a 
dashed line (Vanderburgh and Smith, 1988). 
The change in the source of organic matter above the contacts of SRI, SD34 and 
GSL1 from allochthonous to autochthonous marks a change in the depositional 
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environment of each study lake Autochthonous deposition of organic material and high 
aquatic productivity (as indicated by percent organic carbon, percent organic nitrogen, 
Sl3Corg and 8I5N) indicate depositional conditions within SRI, SD34 and GSL1 that are 
lacustrine above the visible contact. As well, 2l0Pb background is reached at similar 
depths for all three study sites (SRI: 15.25 cm, SD34: 15.25 cm, GSL1: 12.25 cm) 
indicating that sedimentation rates in the uppermost sediments are relatively consistent 
among study sites. These sedimentation rates (SRI: 0.082 cm/year; SD34: 0.061 cm/year; 
GSL1: 0.083 cm/year) are similar to rates from lacustrine environments upstream in the 
PAD (0.069, 0.056, 0.069 cm/year for PAD 5, 9, Bustard Island North Pond, 
respectively; Wolfe et al., 2008a). 
A change in depositional environment from fluvial to lacustrine occurs at the contact 
within each study lake. However, this transition does not appear to occur simultaneously 
at SRI, SD34 and GSL1. In the shorter record of SRI, the sediment contact occurs at 
~1786 AD and geochemical parameters shift at -1818 AD. At SD34, the sediment 
contact is coupled with a change in geochemical parameters at -1000 AD, indicating a 
shift to lacustrine conditions at the onset of the last millennium, much earlier than SRI. 
The sediment record of GSL1 is similar in length to SD34, however, the timing of the 
sediment contact and geochemical changes appears to occur -144 years later than SD34. 
The significance of the temporal offset of the contact between SD34 and GSL1 is 
difficult to evaluate as dates for both sediment records have been extrapolated based 
solely on the 2I Pb stratigraphy and may be associated with uncertainties associated with 
modeling. 
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5.2 Diatom Record at GSLl 
A diatom record was established for GSLl to supplement the geochemical 
stratigraphy. Diatom counts were conducted on GSLl RC1 by Michelle Tai from the 
University of Waterloo Environmental Change Laboratory. Diatom algae are sensitive to 
changes in physical, chemical and biological conditions and microhabitat availability and 
have been shown to be useful biomonitors of hydrologic change (Hall et al. 2004). 
Upstream in the PAD, small benthic and epipsammic diatom Fragilaria taxa have been 
shown to dominate in turbid open-drainage lakes and under flood conditions (Hall et al., 
2004), making these taxa a likely indicator of past open-drainage intervals at GSL1. 
High percent abundance of Fragilaria construens v venter below the gradational 
contact in GSLl suggest open-drainage conditions consistent with the fluvial depositional 
environment interpreted from physical and geochemical data (Figure 25). As well, the 
shift to a lacustrine depositional environment above the contact is associated with low 
abundance of Fragilaria construens v venter However, at ~1550 AD there is a re-
emergence of these open-drainage diatom indicators. The re-emergence of Fragilaria 
construens v venter suggests a change in hydrological conditions at GSLl. Hydrological 
change at -1550 AD is not evident in the sediment composition of GSLl and a second 
interval of open-drainage conditions appears to be captured by only two geochemical 
parameters (513Corg and 8l80iw) (Figure 25). Changes in the GSLl 5I80|W and 5,3Corg 
records coincide with those in the diatom record (Figure 25). However, conventional 
interpretation of increased 5,3Corg corresponding to increased aquatic productivity within 
GSLl has been contradictory to other geochemical parameters thus far. Therefore, 
because the 813C0rg record appears to be one of two sensitive geochemical parameters 
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that capture a second interval of open-drainage conditions was suggested by the GSLl 
diatom record, further investigation is required to evaluate the factors that influence the 
carbon isotope signature of organic material in these sediments. 
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Figure 25 GSLl open-drainage diatom indicator record, GSLl o Corg record and GSLl 
cellulose-inferred lake water S"*0 record Shaded interval indicates interval of open-drainage 
conditions above the gradational contact at GSLl captured by the three parameters 
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5.3 Establishing an Alternative Interpretation of 8 Corg at 
GSLl and SD34 
Correspondence of the diatom and 8l3C0rg records from GSLl suggests that 5'JCorg is 
a sensitive indicator of hydrologic change. However, conventional interpretation of lake 
sediment 5'3Corg proved to be contradictory to all other measured parameters in the GSLl 
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record. Therefore, an alternative interpretation of 8l3Corg is required. In order to develop 
an alternative interpretation for 5l3Corg, factors influencing the carbon isotope signature 
of organic material in the sediment record from GSL1 were evaluated. 
S'3C0rg in lake sediment is primarily determined by the 5 l3Cof the dissolved 
inorganic carbon source (8I3CDIC)- Processes controlling the 8I3CDIC include the source 
and supply of inorganic carbon (e.g., from catchment runoff), l3C-enrichment from 
preferential uptake of C by phytoplankton during photosynthesis, isotopic exchange 
with atmospheric CO2, recycling of 13C-depleted CO2 from respiration/decay of water 
column and bottom sediment organic matter, and uptake of bicarbonate (HC03~(aq)) at 
elevated pH (Wolfe et al., 2000). 
Recent studies in the upstream PAD by Light (2010) and Lyons (2010) provide a 
basis for interpretation of 5'3Corg in lake sediment core records. Investigation of water 
chemistry in PAD lakes of varying hydrologic classifications (open-drainage, closed-
drainage and restricted-drainage) by Lyons (2010) revealed that at the beginning of the 
open-water season (May), closed-drainage basins had much higher dissolved inorganic 
carbon (D1C) concentration than open- and restricted-drainage basins (Figure 26). Early 
season productivity, as indicated by chlorophyll a values, was also greatest in the closed-
drainage basins early in the open-water season (Figure 25). Lyons (2010) observed that in 
1 ^ 
early spring, 8 CPhytopiankton of closed-drainage basins was lower than the open-drainage 
basins (Figure 26). This is opposite what might be anticipated, as higher productivity 
would be expected to cause an increase in the 813CPhYtopiankton of closed-drainage basins 
within the PAD which are more productive than open-drainage basins (Hall et al., 2004). 
The lower 8'3CPhytopiankton values in closed-basins was attributed to high DIC 
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concentrations allowing for high carbon isotope fractionation between the DIC and 
phytoplankton (Figure 26), as is typically observed when carbon is not limiting (Keeley 
and Sandquist 1992). The low 5l3CPhytopiankton values of closed-drainage lakes observed in 
the early spring may translate to lower 5'3Corg values in the sediment record of these 
lakes in comparison to sediments deposited in open-drainage lakes. 
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Figure 26 Spatial and temporal variability of a) concentration of chlorophyll a, b) carbon 
isotope composition of phytoplankton and c) concentration of DIC from four PAD lakes based on 
samples from the 2007 open-water season and the spring of 2008 The May values represent an 
average of the 2007 and 2008 data Drainage type is indicated by symbol type closed-drainage 
basins are solid, restricted-drainage basin is shaded, and open- drainage basin is an open 
symbol (from Lyons, 2010) 
Insight into the controlling factors influencing carbon isotope dynamics in PAD lakes 
by Lyons (2010) has been used by Light (2010) to interpret a lake sediment 813Corg record 
from PADl, a closed-drainage lake. Multi-proxy paleolimnological analysis has revealed 
westward expansion of Lake Athabasca into the low lying interior of the PAD during the 
Little Ice Age (LIA), a period of increased summer discharge in the Peace-Athabasca 
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system (Wolfe et al., 2008a; Sinnatamby et al., 2010; Johnston et al., 2010). Light (2010) 
developed a ~600-year 5l3Corg record for PAD 1 (Figure 27) which was situated at the 
margin of Lake Athabasca water levels during the LI A. 5l3Corg values at the top and 
bottom of the PADl record were lower than those during the L1A (-1600 AD to -1900 
AD) (Figure 27). High 8' Corg values during the LIA correspond to a variety of 
parameters that suggest open-drainage conditions at PADl as a result of Lake Athabasca 
inundation (Johnston et al., 2010). This suggests that the early season 513CPhytopiankton 
signature is captured in the lake sediment of PADl and that 51 Corg signatures during 
highly productive closed-drainage conditions within the PAD can be significantly lower 
than intervals of open-drainage conditions. 
PADl and GSLl are both closed-drainage basins and are hydrologically isolated 
from lake or river influence. These basins have noticeable similarities in their 5 Corg 
stratigraphic records. Both profiles are characterized by low 8l3C0rg values at the top of 
the record and high values during the LIA (Figure 27). The low values at the top of the 
GSLl record correspond to closed-drainage conditions, similar to PADl. Therefore, it 
appears that the early season 813CPhytoPiani<ton signature captured in the lake sediment of 
PADl is also captured in the sediment of GSLl. Interpreting high GSLl 8l3Corg values to 
correspond with open-drainage conditions, is consistent with interpretation of fluvial, 
open-drainage conditions below the sediment contact and is also consistent with diatom 
1 O 
and 8 0|W records that suggest GSLl has experienced three hydrologic shifts in the past 
~1200 years (Figure 27). 
81 
513Corg (%.VPDB) 
open drainage 
diatoms 30 
„1600 
Q < 
§> 1400 
> 
o 6 1200 
25 24 
S,3Corg (%.VPDB) 
a) 
% Abundance 
Fracplana construens f venter 
b) c) 
Cellulose-Inferred Lake Water 6 0 
(%oVSMOW) 
d) 
27 26 25 24 
8"Corg(%.VPDB) 
e) 
Figure 27 Comparison of o Corg records from three closed-drainage basins a) PAD1 8 Corf, 
record (from Light, 2010), b) GSLl open-drainage diatom indicator record, c) GSLl 8 C„rf, 
record, d) GSLl cellulose-inferred lake water 8*0 record and e) SD34 8 C„rgrecord Shaded 
intervals indicate open-drainage conditions Dashed black lines indicate sediment contacts for 
GSLl (gradational contact) andSD34 (abrupt contact) 
SD34 is classified as a closed-drainage basin and is currently hydrologically similar 
to both GSLl and PAD1. The SD34 5l3Corg profile shows some similarities to the 51 Corg 
profile profiles from GSLl and PAD1 (Figure 27). Low Sl3Corg values at the top of the 
SD34 record that correspond to closed-drainage conditions suggest that, similar to GSLl 
and PAD 1, the early season 5l3CPhytopiankton signature is captured in the lake sediment. It 
is then likely that low 513Corg values in the SD34 record correspond to closed-drainage 
conditions and high values correspond to open-drainage conditions. The interpretation of 
high 8'3C0rg values below the contact of SD34 is consistent with other geochemical 
parameters that suggest fluvial, open-drainage conditions. However, the 8'3Corg record of 
SD34 suggests a second interval of change above the contact. New interpretation of the 
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SD34 8l3Corg record suggests a re-emergence of open-drainage conditions at -1300 AD 
that is not captured by any other geochemical parameter in the SD34 record. 
5.4 Paleohydrology of the Slave River and Great Slave Lake 
over the Past Millennium 
New understanding of GSL1 and SD34 5l3Corg records contribute to developing a 
-1200-year paleohydrologic reconstruction of the Slave River and GSL. The 
paleohydrology of the PAD, an upstream delta similar to the SRD that has been 
extensively studied will be used to compare with paleohydrologic interpretation 
downstream. Discussion of the paleohydrologic record of the Slave River and GSL is 
separated into five time intervals based on interpreted hydrologic change at the study 
basins and are discussed in chronological order: Early Medieval Period, Medieval Period, 
Late Medieval Period, Little Ice Age and Post Little Ice Age. 
5.4.1 Early Medieval Period (-750 AD to -1150 AD) 
At the beginning of the last millennium, the climate at the headwaters of the Peace-
Athabasca river system was characterized by warm winter temperatures and high growth 
season relative humidity of the MP (Edwards et al., 2008). The warm climate was 
coupled with a spring melt of annual snowpack that was too rapid to adequately sustain 
stream flow, which caused low summer discharge through the Peace-Athabasca river 
system (Edwards et al., 2008; Wolfe et al., 2008a). The rapid melt of the annual 
snowpack in the headwaters of the Peace-Athabasca river system caused a very large, but 
"flashy" spring freshet (Wolfe et al., 2008a). Because the Peace and Athabasca rivers are 
major tributaries of the Slave River, it is likely that a flashy freshet occurred downstream 
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as well. Additionally, research by Jarvis (2008) has identified the MP as a time of high 
ice-jam flood frequency in the PAD. Years of increased ice-jam flood frequency in the 
PAD have been shown to correspond to similar conditions downstream in the SRD 
(Mongeon, 2008; Brock et al., 2010). Therefore, it is likely that during the Early MP, 
ice-jam flood frequency at the SRD was also high. Frequent ice-jam flood events coupled 
with a large flashy spring freshet early in the last millennium could deliver river water, 
heavily laden with inorganic sediment to SRD lakes and could account for fluvial 
depositional environments below the contacts of SD34 and GSL1. 5l3Corg values below 
the contact in SD34 (-25.9%o to -24.2%o) are similar to those measured from Slave River 
flood sediment (-24.6%o) by Brock et al. (2010), suggesting frequent Slave River flooding 
at SD34 Frequent Slave River flooding at GSL1 at the beginning of the last millennium 
is supported by laminations in the basal sediment as well as high abundances of open-
drainage indicator diatoms. Additionally, 5 ,80|W values below the contact are low 
(-24.0%o to -20.2%o) (Figure 28), likely reflecting water that has undergone minimal 
evaporative isotopic enrichment characteristic of an open-drainage basin. However, 
5I80|W values below the contact of GSL1 (-24.1%o to -20.2%o) that are noticeably lower 
than contemporary Slave River values (-17.7%o to -19.2%o) may represent a Slave River 
8 I80 signature that is more depleted than the present, possibly due to increased snowmelt 
runoff from headwater regions. 
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Figure 28 Records of Slave River discharge (SD34 and SRI) compared to modeled North Saskatchewan River discharge (Model l)(Case and 
MacDonald, 2003) and Great Slave Lake level record compared to Lake Athabasca lake level record (Bustard Island North Pond C/N ratios) 
(Wolfe et al, 2008a) SD34 Slave River discharge developed using Sl^C„rv values (vertical dashed line indicates the S'C,„v(-24 6%o) of 2005 Slave 
River flood sediment (Brock et al, 2010)), SRI Slave River discharge record developed using C/N ratios and GSL1 Great Slave Lake level record 
developed using $KOiw, df3Culg values and open drainage diatom indicators Vei tical dashed lines within 5 0/„ record indicate o O values of the 
Slave River (-19 2%o), GSL (-17 9%o) and an average value for closed-drainage lakes in the SRD (-13 4%o) (Brock et al, 2007) Dark grey shaded 
intervals denote open-drainage conditions because of direct inundation of SD34 and GSL1 by the Slave River Light grey shaded intervalsfor 
SD34and GSL1 denote open-drainage conditions caused by high GSL water levels during the LIA 
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5.4.2 Middle Medieval Period (-1150 AD to -1300 AD) 
Slave River influence on the hydrology of GSLl and SD34, indicated by fluvial 
conditions depositing inorganic sediment, appears to end at the mineral-organic contact 
common to both sites. Isolation from Slave River flooding is characterized by a change in 
sediment composition from mineral-rich to organic-rich, accompanied by shifts in all 
geochemical parameters above the contacts of SD34 (-1000 AD) and GSL 1 (-1150 AD 
to -1200 AD) and likely represents a shift to a lacustrine depositional environment. 
8l3C0rg in SD34 declines to values lower than Slave River sediment after-1000 AD 
and GSLl open-drainage diatom indicators decline after-1150 AD suggesting a reduced 
influence of Slave River flooding on the two study sites above their respective contacts 
(Figure 28). Increased 5 0|VV values at GSLl above the contact indicate increased 
evaporation, further supporting a reduction in Slave River flood waters entering GSLl 
above the contact. However, ice-jam flooding upstream in the PAD remains high until the 
end of the MP (Jarvis, 2008; Wolfe et al., 2008a), -400 years later than reduced SRD ice-
jam flood frequency suggested by the hydrologic isolation of SD34 and GSLl. 
Chronological uncertainties within the SD34 and GSLl sediment records could 
account for a temporal offset in the establishment of closed-drainage conditions between 
the SRD sites and the PAD. However, uncertainties in chronological modeling of GSLl 
and SD34 are likely not large enough to account for a -400 year offset. Geomorphologic 
setting of SD34 and GSLl could account for the -400 year offset, as the SRD sites may 
have had higher sill elevations than the PAD sites, making them less susceptible to river 
flooding. Additionally, shifts in distributary channel routing within the SRD may have 
contributed to the isolation of the basins during the Middle MP. 
86 
Reduced hydrological influence of the Slave River at the contacts of SD34 (-1000 
AD) and GSL I (~1150 AD to-1200 AD), however, does occur during an interval 
(-1000 AD to -1300 AD) of low reconstructed North Saskatchewan River discharge 
inferred from tree-ring records (Case and MacDonald, 2003) (Figure 28). The North 
Saskatchewan River shares headwaters with the Peace-Athabasca-Slave river system, in 
the Columbia Icefields in the eastern Rocky Mountains. The Athabasca Glacier at the 
head of the Athabasca River is only -6 km from the Saskatchewan Glacier, a key 
headwater source for the North Saskatchewan River. Therefore, the discharge histories of 
these two river systems are likely to be similar. 
Middle MP closed-drainage conditions at SD34 (-1000 AD to -1300 AD) parallels 
low North Saskatchewan River discharge as well as an interval of Rocky Mountain 
glacier expansion during the MP (-1100 AD to -1380 AD) outlined by Edwards et al. 
(2008) and the "Medieval Megadrought" (-900 AD to -1300 AD), a period of 
widespread hydrologic drought throughout western North America (Cook et al., 2004; 
Meko et al., 2007). Glacier expansion may have reduced inflow to glacier-sourced rivers 
such as the North Saskatchewan, Peace, Athabasca and Slave. Therefore, glacier 
expansion coupled with drought conditions within the Slave River basin, likely reduced 
Slave River discharge similar to the North Saskatchewan River and may have contributed 
to the establishment of closed-drainage conditions at SD34 and GSLl. 
The emergence of closed-drainage conditions at SD34 (-1000 AD) precedes similar 
closed-drainage conditions at GSLl by -140 years (Figure 28). The apparent delay in the 
isolation of GSLl could be the result of uncertainties within the extrapolation of both 
SD34 and GSLl chronologies. However, the -140-year offset may alternatively represent 
87 
a delay in GSLl isolation from Slave River influence, possibly due to the hydrologic 
setting of GSLl in the landscape. GSLl is a relict river channel and may have been 
connected to the main drainage network of the Slave River during the early MP by a 
small channel active during high water periods. Evidence of other relict river channels 
that lead back to the Slave River can be observed a short distance north of GSLl (Figure 
24). Therefore, GSLl may have been temporarily connected to these channels during 
frequent ice-jam flooding below the gradational sediment contact (-800 AD to ~1150 
AD), as is suggested by laminations and the 81 Corg, 8I80|W and open-drainage diatom 
indicator records. A channel connecting GSLl to the main drainage network of the Slave 
River may account for the -140 year delay in isolation of GSLl compared to SD34, 
indicating that early MP ice-jam flooding was prolonged at GSLl because its 
hydrogeomorphological setting was more susceptible to flooding than SD34. 
Additionally, the gradational contact of GSLl (-1150 AD and -1200 AD) may also 
suggest that isolation of the basin occurred more gradually than at SD34, which had a 
much more abrupt sediment contact suggesting a sudden change in hydrological 
conditions. 
5.4.3 Late Medieval Period (-1300 AD to -1550 AD) 
Closed-drainage conditions during the Middle MP at SD34 appear to end at -1300 
AD as S'3C0rg values shift back to values similar to Slave River flood sediment (Figure 
28). High 8l3C0rg values in the SD34 record indicate that a second period of open-
drainage conditions occurred between -1300 AD -1918 AD. The change in the 
hydrology of SD34 at -1300 AD suggested by the 5l3C0rg record corresponds to 
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increasing North Saskatchewan River discharge as indicated by the Case and MacDonald 
(2003) record (Figure 28) North Saskatchewan River discharge increased to some of the 
highest levels observed in the last millennium at the end of the 1 llh century and remained 
high from the late MP-LIA transition to the end of the Little Ice Age (LIA) (-1300 AD to 
-1900 AD) (Figure 28). The increase in discharge at this horizon is likely in response to 
cooler climatic conditions during the transition from the Late MP to LIA, resulting in a 
more prolonged melt of the annual snowpack in the eastern Rocky Mountains (Case and 
MacDonald, 2003; Edwards et al., 2008). High North Saskatchewan River discharge 
coupled with the re-emergence of open-drainage conditions at SD34 suggests that Slave 
River discharge was high throughout the Late MP. 
5.4.4 Little Ice Age (-1550 AD to -I860 AD) 
The SD34 8 Corg record suggests that Slave River discharge becomes high during 
the Late MP and the sediment record of SRI that spans -480 years indicates that it 
remained high throughout the LIA. High C/N values suggest allochthonous deposition of 
organic material at SRI between -1550 AD and -I860 AD, indicating a fluvial 
depositional environment (Figure 28). Since SRI is located on an island in the Slave 
River upstream of the SRD and has no apparent inlets or outlets, it is expected that the 
basin would only receive Slave River flood water during a period of anomalously high 
discharge. Therefore, a fluvial depositional environment at SRI between -1550 AD and 
-1860 AD suggests that during the LIA, Slave River discharge was considerably higher 
than present. 
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The onset of a second interval of open-drainage conditions at GSL1 during the LIA 
occurs -250 years later than a similar re-emergence of open-drainage conditions at SD34. 
The shift to open-drainage conditions in GSL1 is indicated by high 5l3Corg values 
between -1550 AD and -I960 AD that correspond to increased open-drainage diatom 
abundance and 5180,w values (-17.8%o to -17.0%o) similar to that of GSL (-17.9%o) (Brock 
et al., 2007) (Figure 28). 5I80|W values similar to GSL and open-drainage conditions 
indicated by 5l3Corg and increased abundance of open-drainage diatoms appear to 
parallel increased Lake Athabasca water levels during the LIA (Wolfe at al., 2008a; 
Sinnatamby et al., 2010; Johnston et al., 2010) (Figure 28). Because Lake Athabasca and 
GSL are both large reservoirs within the same river system, it is likely that high LIA 
Lake Athabasca water levels would correspond to high LIA GSL water levels. Therefore, 
the re-emergence of open-drainage conditions during the LIA at GSL1 appears to 
represent inundation of GSL1 by GSL levels that are considerably higher than the 
present. This is the first evidence that GSL experienced a high-stand during the LIA, 
similar to that of Lake Athabasca and that the high-stand may have occupied the 
strandline visible in the landscape to the south of the SRD (Figure 3). 
The approximate elevation range of GSL 1 (between 161 masl and 163 masl) is 
between -3.6 m and -5.6 m above the highest gauged GSL water level (-157.4 masl) 
(Gibson et al., 2006a) (Figure 7), indicating that GSL water levels during the LIA would 
have to be at least -3.6 m higher than the present to inundate GSL1. GSL water levels 
-3.6 m greater than the present would be slightly larger than the average lake level 
change estimated for Lake Athabasca (2.3 m) during the LIA (Johnston et al., 2010). An 
increase in GSL water levels by at least 3.6 m would not only have inundated GSL1, but 
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would have also inundated SD34 because the approximate elevation of SD34 (-159 masl) 
is lower than GSL1 (Figure 7). This would suggest that during the LIA, SD34 was 
inundated by GSL. It is likely that open-drainage conditions in SD34 at the transition 
from late MP to LIA were initially the result of high Slave River water levels inundating 
the lake and that during the LIA (-1550 AD to -I960 AD), elevated GSL lake levels 
began to inundate SD34. Additionally, the strandline observed in the landscape to the 
south of the SRD intersects GSL1 across its western end (Figure 3), suggesting that at 
present, it may have a similar elevation as GSL1. Therefore, the high-stand of GSL that 
inundated both GSL1 and SD34 during the LIA would likely have occupied the 
strandline as well. 
The C/N record of SRI indicates high water levels in the Slave River during the LIA. 
Because the water level of GSL is strongly influenced by riverine input and output 
(Gibson, 2006a), prolonged high Slave River discharge would expectedly raise lake 
levels. However, the large outlet at the mouth of the Mackenzie River results in water 
residence times that are relatively short for a lake the size of GSL (Gibson et al., 2006). 
These short residence times likely act to slow lake level rise in response to increased 
Slave River discharge. For GSL to inundate GSL1, Slave River input to the lake would 
likely have been high well before the onset of open-drainage conditions in GSL1 at 
-1550 AD. The 5l3Corg record of SD34 suggests that Slave River discharge increased at 
-1300 AD and remained high throughout the Late MP. Therefore, because GSL water 
level is closely linked to Slave River input it is likely that GSL water level began to rise 
at -1300 AD and that -250 years of high Slave River discharge elevated GSL water 
levels enough to inundate GSL1 throughout the LIA. In order to inundate GSL1, GSL 
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water levels would have to increase ~3.6 m in -250 years, at an average annual rate of 
-0.01 m/year. An increase of GSL water levels by -0.01 m/year is considerably less than 
typical GSL annual water level fluctuations (0.4 m) (Gibson et al., 2006), suggesting that 
the estimated rate of lake level rise is plausible. 
5.4.5 Post Little Ice Age (-I860 AD to -2007 AD) 
Interpretation of SRI, SD34 and GSL1 sediment records characterize the LI A as an 
interval of high discharge within the Slave River-GSL system. Alternatively, the 
sediment records of all three sites suggest that the transition from the LI A to the 20th 
century is characterized by declining water levels. C/N ratios similar to those expected 
from an autochthonous source suggest a shift in depositional environment at SRI from 
fluvial to lacustrine at the onset of the 20th century (Figure 28). A lacustrine depositional 
environment at SRI indicates isolation of the basin due to declining Slave River 
discharge. As well, declining 5l3Corg values after -1918 AD in SD34 suggest closed-
drainage conditions as a result of reduced Slave River discharge and GSL water level 
1 ^ 
(Figure 28). In the GSL1 record, declining 5 Corg values and open-drainage diatom 
indicator abundance (Figure 28) also suggest closed-drainage conditions early in the 20' 
century, likely the result of lower GSL water levels. 20th century GSL lake levels that are 
lower than the LI A are also indicated by GSL1 8180,w values (-15.1%o to -10.1%o) that 
diverge from values similar to GSL and become similar to present-day measurements 
from closed-drainage basins in the SRD (Figure 28) (-16.2%o to -10.6%o; Brock et al., 
2007). 
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Declining Slave River discharge as indicated by muIti-parameter paleolimnological 
analysis corresponds to similar declines in discharge reconstructed for the North 
Saskatchewan (Case and MacDonald, 2003), Peace and Athabasca rivers (Schindler and 
Donahue, 2006; Wolfe at al., 2008a) at the onset of the 20th century. Reduced summer 
discharge through these river systems is thought to be the result of warmer 20th century 
climate causing a flashy spring freshet that is significantly lower in magnitude than that 
observed during the MP (Wolfe et al., 2008a). A low-magnitude, flashy spring freshet 
coupled with low summer discharge in the Slave River at the onset of the 20* century 
appears to have caused SRI to become isolated from riverine influence. The 813Corg, 
8I80|W and open-drainage diatom records of GSLl coupled with the 8,3C0rg record of 
SD34 indicate closed-basin conditions in the 20th century (Figure 28). This indicates that 
GSL water levels have declined since the end of the LIA in response to reduced Slave 
River discharge, resulting in the hydrological isolation of GSLl and SD34. Declining 
GSL levels throughout the 20th century is consistent with declines in riverine input from 
the Slave River suggested by SRI as well as declining Lake Athabasca water levels 
throughout the 20th century as indicated by Wolfe et al. (2008a), Sinnatamby et al. (2010) 
and Johnston et al. (2010). 
Analysis of lake sediment from SD34, GSLl and SRI suggests that water levels in 
the Slave River system have varied considerably over the past -1200 years. Water levels 
declined throughout the 20th century from millennial high levels reconstructed for the 
LIA. Low water levels throughout the 20th century and the beginning of the 21st century 
have resulted in closed-drainage conditions at the three study sites. In the past -1200 
years, closed-drainage conditions appear to occur only twice at SD34 and GSLl: from the 
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20th century to the present and during the MP. This suggests that currently, hydrological 
conditions within the Slave River system may have become similar to that of the Middle 
MP. However, high 8I80|W values throughout the 20th century at GSL1 that are unique 
within the record may suggest that hydrological conditions at this site are unprecedented 
over last -1200 years. 
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Chapter 6 - Conclusions 
6.1 Summary 
Multi-proxy analysis of lake sediment cores collected from SD34, GSL1 and SRI 
provided a -1200-year record of water level variation within the Slave River and Great 
Slave Lake. Sediment composition and elemental and stable isotope geochemistry proved 
to be sensitive indicators of hydrologic change for the three study basins. This study was 
also able to highlight complexities inherit in the interpretation of lake sediment records of 
C/N ratios and 5' Corg values. 
Interpretation of lake sediment C/N ratios and 8l3C0rg values from SD34, GSL1 and 
SRI revealed that conventional, straightforward interpretation of these commonly applied 
paleolimnological measurements is not always appropriate. Conventional interpretation 
suggests that high C/N ratios (>10) correspond to an allochthonous source of organic 
material. However, interpretation of the high ratios above the contacts of SD34 and GSL1 
using a conventional approach contradicted all other measured parameters. Interpretations 
from other geochemical parameters measured at the two study sites revealed that C/N 
ratios of autochthonous organic matter were elevated due to nitrogen limitation at GSL1 
and diagenesis at SD34. Conventional interpretation of 5 Corg suggests that high values 
correspond to high productivity (Schelske and Hodell, 1991; Hodell and Schelske, 1998; 
Meyers and Teranes, 2001). Interpreting the SRI 5l3Corg record in this way appeared 
appropriate, however similar interpretation of the SD34 and GSL1 5l3Corg records 
contradicted interpretations of all other measured parameters. 8l3Corg records from SD34 
and GSL1 were both deemed sensitive records of hydrologic change only after new 
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understanding of sediment 5l3Corg from upstream in the PAD provided a basis for non-
conventional interpretation. 
Interpretation of geochemical parameters such as C/N ratios, 5I80|W and 5'3Corg in 
conjunction with sediment composition indicated riverine inundation of SD34 (-760 AD 
to -1000 AD) and GSLl (-800 AD -1200 AD) during the Early MP. River inundation of 
SD34 and GSLl before the last millennium was attributed to Slave River discharge 
dominated by a large flashy spring freshet and high ice-jam flood frequency that 
delivered riverine sediment to the two study lakes. These hydrologic conditions are 
similar to that reconstructed for the upstream PAD and were likely caused by warm MP 
climate resulting in early, rapid melt of snowpack in headwater regions (Wolfe et al., 
2008a; Jarvis, 2008). 
A shift from a fluvial to lacustrine depositional environment at the contacts of SD34 
(-1000 AD) and GSLl (-1150 AD to -1200 AD) appeared to mark a shift to closed-
drainage conditions early in the last millennium. Closed-drainage conditions at SD34 
coincided with the "Medieval Megadrought" (-900 AD to -1300 AD), a period of 
widespread hydrologic drought throughout western North America (Cook et al., 2004; 
Meko et al., 2007) and corresponded to an interval of extremely low North Saskatchewan 
River discharge reconstructed by Case and MacDonald (2003). Drought conditions in 
western North America coupled with low North Saskatchewan River discharge likely 
correspond to low annual Slave River discharge from -1000 AD to -1300 AD. Low 
Slave River discharge may have contributed to the onset of closed-drainage conditions by 
reducing the impact of ice-jam flood events at SD34 and GSLl. However, reduced ice-
jam flood frequency indicated by closed-drainage conditions at SD34 and GSLl precede 
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similar conditions in the PAD by -400 years. Different geomorphic settings between 
SRD and PAD sites, shifts in the distributary channel network of the SRD and low Slave 
River discharge likely combined to account for the -400 year offset and explain why 
SD34 and GSL1 became isolated during the MP when ice-jam flood frequency was high 
(Jarvis, 2008) 
Low Slave River discharge appeared to end at -1300 AD with a re-emergence of 
open-drainage conditions indicated by the SD34 5l3Corg record. Open-drainage conditions 
were attributed to high Slave River discharge inundating SD34 throughout the Late MP. 
High Slave River discharge appeared to continue throughout the LIA as the SRI 
sediment record identified high discharge from -1550 AD to -1863 AD. These records 
indicate that Slave River discharge increased through the transition from Late MP to LIA 
and that discharge remained high throughout the LIA (Figure 29). Increased discharge 
was attributed to a delay in snowmelt generated runoff that sustained higher annual river 
discharge as a result of a shift to cooler climate conditions characteristic of the LIA 
(Wolfe et al., 2008a) 
Cooler LIA climate and increased Slave River discharge appeared to cause high 
water levels in GSL during the LIA, similar to that observed upstream in Lake Athabasca 
(Sinnatamby et al., 2010, Johnston et al., 2010). Open-drainage diatom indicator 
abundance and 51 Corg records of GSL 1 indicated open-drainage conditions in GSL1 
throughout the LIA and 5I80|W values that were similar to GSL suggested that the open-
drainage conditions were the result of GSL inundation. GSL inundation of GSL1 during 
the LIA further indicated that the GSL strandline visible to the landscape south of the 
SRD was likely been occupied during the LIA. Therefore, the SD34, SRI and GSL1 
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sediment records indicated that GSL water levels began to rise at -1300 AD as a result of 
elevated Slave River discharge at the transition from MP to LIA, reaching maximum 
levels during the LIA. 
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Figure 29. ~1200 year variation of Slave River discharge and multi-centennial change in Great 
Slave Lake water level. Schematic discharge profile is based on paleohydrologic records from 
SRD study sites GSL1, SD34 and SRI. Future discharge (dashed line) is based on expected 
discharge trends for upstream Peace and Athabasca rivers (Barnett et al, 2005; Wolfe et al, 
2008a) Schematic water level profile is based on interpretation ofGSLl sediment record. 
Millennial high water levels within the Slave River system during the LIA declined 
at the beginning of the 20th century (Figure 29). A decline in Slave River discharge at the 
onset of the 20th century appears to be captured in the SRI and SD34 sediment records as 
a re-establishment of closed-drainage conditions. A decline in discharge through the 
Slave River system at the end of the LIA is further supported by 8180iw and 813Corg 
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records of GSL1 that suggest isolation of the basin from GSL likely due to 20th century 
declines in GSL lake level (Figure 29). 
20th century decline in discharge parallels a shift to a warmer climate regime that has 
been shown to cause an earlier, more rapid melt of the spring snowpack in the headwaters 
of the Peace and Athabasca rivers (Wolfe et al., 2008a). The sediment records of the three 
study lakes indicated that water levels within the Slave River system have declined from 
the high levels that characterized the LIA, falling to levels potentially similar to the 
Middle MP. However, high 5180|W values throughout the 20th century at GSL1 that are 
unique within the -1200 record may suggest that hydrological conditions at this site are 
unprecedented in the last -1200 years. 
These findings are able to establish a link between hydrologic conditions within the 
Slave River system and those upstream in the PAD and Lake Athabasca. Sediment 
records from SD34, GSL1 and SRI demonstrated that in response to shifting climate 
regimes, the hydrology of the Slave River system responded broadly similar to the PAD. 
This indicates that hydrologic change upstream in the headwaters of the Slave River has 
historically translated downstream to the SRD and GSL. River discharge in the Peace-
Athabasca river system is expected to continue to decline throughout the 21st century as a 
result of reduced glacier extent and snow pack depth in its headwater regions (Wolfe et 
al., 2008a). Therefore, Slave River discharge and GSL water levels that have declined 
over the last -200 years are also likely to continue declining throughout the next century, 
possibly reaching levels unprecedented in the last -1200 years, if such levels have not 
already been reached. 
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6.2 Management Implications 
This study has established a -1200-year paleohydrologic record for the Slave River 
and GSL. It has shown the interconnectedness in the hydrology of the SRD and PAD and 
has been able to demonstrate how the Slave River system responds to changes in climate. 
Although climate and water levels in the Slave River system appear to have returned to 
those similar to the Middle MP (increasing winter temperatures, growth season relative 
humidity, flashy spring freshet and lower discharge), it is likely that the flashy freshet 
will be considerably smaller than earlier in the millennium (Wolfe et al., 2008a). 
Snowpack depth and alpine glaciers in Peace-Athabasca-Slave river headwater regions 
that have historically contributed to annual flow have been shown to be in decline 
(Barnett et al., 2005; Lapp et al., 2005; Rood et al., 2005). A decline in source water 
entering the Peace-Athabasca-Slave system that is expected to continue would suggest 
that water levels may be heading toward unprecedented low levels in the context of the 
last millennium. 
Declining streamfiow will likely amplify current challenges in the management of 
water within Peace-Athabasca-Slave system as various stakeholders depend on this water 
resource. As the water available for stakeholder use declines, balancing the natural 
environment, water supply for hydroelectric facilities and consumptive use by humans 
will be a major challenge for future management of this river system. Of principle 
concern is the Athabasca Tar Sands development, which continues to expand, removing 
water from the Athabasca River for use in oil extraction. If declining streamfiow in the 
Peace-Athabasca-Slave system is not managed carefully in the future, it may lead to 
unprecedented water shortages throughout the basin. 
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6.3 Future Recommendations 
The -1200-year hydrologic record for the Slave River system could be strengthened 
in a variety of ways. Interpretation of C/N ratios from GSLl attributed elevated ratios to 
nitrogen limitation and pigment analysis of GSLl sediment could be used to test this 
hypothesis. Additionally, establishing a diatom record for SD34 would supplement 
geochemical parameters and may possibly strengthen SD34 Sl3C0rg interpretation. 
Because GSLl appears to lie at the margin of the LIA GSL high-stand, the GSLl 
water level record only represents maximum GSL levels. Sampling several other lakes 
south of GSLl that are closer to the GSL shoreline would provide insight into the timing, 
rate and extent of GSL expansion during the LIA. As well, locating a study site on GSL 
similar to the Bustard Island North Pond on Lake Athabasca (Wolfe et al., 2008a; 
Johnston et al., 2010) would most likely provide a more detailed long-term record of GSL 
water level change. The record of GSL water level established in this thesis is based on 
high-water intervals, thus a record that captures low-water intervals (such as the Bustard 
Island North Pond record) would improve understanding of long-term GSL hydrology. 
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15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
10 0 
10 5 
110 
115 
12 0 
12 5 
13 0 
13 5 
14 0 
14 5 
15 0 
15 5 
16 0 
16 5 
17 0 
17 5 
18 0 
18 5 
19 0 
19 5 
20 0 
20 5 
210 
215 
Midpoint 
Depth 
(cm) 
0 25 
0 75 
125 
175 
2 25 
2 75 
3 25 
3 75 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
1125 
1175 
12 25 
12 75 
13 25 
13 75 
14 5 
15 25 
15 75 
16 25 
16 75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
20 75 
2125 
210Pb 
(dpm/g) 
14 912 
15 571 
15 096 
13 784 
9 120 
6 871 
3 025 
3 613 
2 483 
2 555 
1832 
3 141 
2 275 
1109 
0 718 
1066 
0 897 
1 128 
0 307 
1 164 
137Cs 
(dpm/g) 
14 552 
15 211 
14 736 
13 425 
8 761 
6 512 
2 665 
3 254 
2 123 
2 195 
1473 
2 781 
1915 
0 749 
0 358 
0 707 
0 537 
0 769 
-0 053 
0 804 
noPb 
(dpm/g) 
14 912 
15 571 
15 333 
15 096 
14 440 
13 784 
11452 
9 120 
7 996 
6 871 
4 948 
3 025 
3 319 
3 613 
3 048 
2 483 
2 519 
2 555 
2 193 
1832 
2 487 
3 141 
2 708 
2 275 
1692 
1 109 
0 913 
0 718 
0 892 
1066 
0 982 
0 897 
0 955 
1013 
1070 
1 128 
0 923 
0 718 
0 512 
0 307 
0 735 
1164 
137-
Cs 
(dpm/g) 3 527 
4 111 
4 090 
4 069 
4 158 
4 246 
4 027 
3 809 
3 722 
3 634 
2 978 
2 322 
2 320 
2 317 
1811 
1305 
1 172 
1038 
0 970 
0 902 
0 887 
0 872 
0 781 
0 690 
0 497 
0 305 
0 251 
0 198 
0 138 
0 078 
0 135 
0 192 
0 184 
0 177 
0 169 
0 162 
0 140 
0 119 
0 097 
0 076 
0 092 
0 109 
115 
215 
22 0 
22 5 
23 0 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
22 0 
22 5 
23 0 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
26 5 
2175 
22 25 
22 75 
23 25 
23 75 
24 25 
24 75 
25 25 
25 75 
26 25 
1 185 
1386 
0 826 
1026 
0 746 
0 892 
1039 
1 185 
1235 
1285 
1335 
1386 
1 193 
1000 
0 065 
0 061 
0 058 
0 054 
0 057 
0 061 
0 064 
0 067 
0 067 
0 067 
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SR1-KB2 Chronology 
Background 210Pb @15 25 cm (Average value 15 25-39.25cm) 2.439 dpm/g 
Extrapolating Entire 
Unsupported Pb-210 (CRS Model): Core 
Mid-
point 
Depth 
(cm) 
0 25 
0 75 
125 
175 
2 25 
2 75 
3 25 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
Cum 
Dry 
Mass 
(g/cmA2) 
0 0424 
0 0827 
0 1305 
0 1828 
0 2356 
0 2835 
0 3382 
0 3880 
0 4450 
0 5086 
0 5726 
0 6451 
0.7064 
Interpolated 
Pb-210 
(dpm/g) 
6 065 
6 556 
7 048 
7 198 
7 349 
7 682 
8 016 
6 933 
5 849 
5 060 
4 271 
4 420 
4 570 
Unsupported 
Pb-210 
(Interpolated 
- background) 
(dpm/g) 
3 683 
4 175 
4 666 
4 817 
4 967 
5 301 
5 634 
4.551 
3 468 
2 679 
1889 
2 039 
2.188 
Unsupported 
Pb-210 
per interval 
(dpm/cm2) 
0 16 
0 17 
0 22 
0 25 
0 26 
0 25 
0 31 
0.23 
0 20 
0 17 
0 12 
0 15 
0 13 
Unsupported | X{ A ) 
Pb-210 
cumulative 
mass 
(dpm/cm2) 
4 34 
4 19 
4 02 
3 80 
3 54 
3 28 
3 03 
2 72 
2 49 
2 29 
2 12 
2 00 
186 
CRS Date 
(Year AD 
| *Extrap 
) 
2007.0 
2005.8 
2004.5 
2002.7 
2000.5 
1998.0 
1995.4 
1992.0 
1989.2 
1986.5 
1984.0 
1982.2 
1979.7 
below 
13 75 cm 
mid pt depth 
2007 0 
2005 8 
2004 5 
2002 7 
2000 5 
1998.0 
1995 4 
1992 0 
1989 2 
1986 5 
1984 0 
1982 2 
1979 7 
* dates are 
extrapolated 
below 13 75-cm 
depth using 
linear regression 
of cumulative 
dry mass 
and CRS dates 
(extrap date = 
cum dry mass 
-b/m) 
Cum. Dry 
mass Regression 
Line: 
Slope 
y-inter 
-0.02601 
52.23721 
118 
7 25 
7.75 
8 25 
8 75 
9 25 
9 75 
10 25 
10.75 
1125 
11.75 
12 5 
13.25 
13.75 
14 25 
14 75 
15 25 
15.75 
16.25 
16.75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
20 75 
0 7845 
0 8537 
0.9339 
10149 
1.0815 
1 1569 
1.2406 
13069 
13900 
1.4728 
17016 
1.7832 
18737 
19712 
2 0672 
2 1628 
2 2462 
2 3449 
2 4386 
2 5468 
2 6379 
2.7207 
2 8972 
2 9668 
3 0628 
3 1636 
3 2455 
4 194 
3.818 
3 851 
3 884 
4 212 
4.539 
3.865 
3.191 
3 031 
2 872 
2 882 
2 892 
3.938 
4 984 
3.711 
2 439 
2 454 
2 469 
2 474 
2 480 
2 580 
2 681 
2 418 
2 155 
2 873 
3 592 
2 800 
1812 
1437 
1470 
1502 
1.830 
2.157 
1483 
0.809 
0 650 
0 491 
0.500 
0 510 
1556 
2 602 
1330 
0 057 
0 072 
0 087 
0 093 
0 098 
0 199 
0 299 
0 036 
0 010 
0 492 
1.211 
0 418 
0 14 
0 10 
0 12 
0 12 
0.12 
0.16 
0.12 
0 05 
0 05 
0 04 
0.11 
0.04 
0 14 
0 25 
0 13 
0 01 
0 01 
0 01 
0 01 
0 01 
0 02 
0 02 
0 01 
0 00 
0 05 
0 12 
0 03 
172 
158 
148 
136 
124 
1 12 
0 96 
0.83 
0 78 
0 72 
0 68 
0 57 
0 53 
0 39 
0 13 
0 01 
1977.3 
1974.5 
1972.4 
1969.8 
1966.8 
1963.4 
1958.4 
1953.9 
1951.8 
1949.5 
1947.6 
1941.7 
1939.3 
*19293 
* 1895.1 
*1792 7 
*not used 
in 
chronology 
1977.3 
1974 5 
1972.4 
1969.8 
1966 8 
1963.4 
1958 4 
1953.9 
1951.8 
1949.5 
1947 6 
1941 7 
1939.3 
1932 2 
1928 5 
1924 8 
19216 
1917 8 
1914 2 
1910 1 
1906.6 
1903 4 
1896 6 
1893 9 
1890 2 
1886 4 
1883 2 
119 
2125 
2175 
22 25 
22 75 
23 25 
23 75 
24.25 
24 75 
25 25 
25 75 
26.25 
26 75 
27 25 
27 75 
28 25 
28 75 
29.25 
29.75 
30 25 
30 75 
3125 
3175 
32.25 
32 75 
33 25 
33.75 
34 25 
3 3440 
3 4482 
3 5496 
3 6574 
3 7595 
3 8666 
3 963246 
4.079397 
4 213455 
4.360471 
4.508909 
4 655532 
4 784355 
4.937649 
5 073119 
5 237426 
5 402184 
5 553589 
5 751164 
5.863134 
6.126097 
6 389748 
6 683234 
6 948176 
7 426934 
7 751756 
7 99587 
2 008 
2 102 
2.196 
2 444 
2 692 
2 698 
2 705 
2.526 
2 348 
2 414 
2.480 
2 050 
1620 
1770 
1.920 
2 138 
2 356 
2 237 
2 117 
2 195 
2 273 
2 123 
1.972 
2 221 
2 470 
2 515 
2.560 
-0 374 
-0 280 
-0 186 
0 062 
0.310 
0.317 
0.323 
0 145 
-0 034 
0 032 
0 099 
-0 331 
-0 762 
-0 612 
-0.462 
-0 244 
-0 025 
-0 145 
-0 265 
-0 187 
-0 108 
-0.259 
-0 409 
-0 160 
0 089 
0 133 
0 178 
-0 04 
-0 03 
-0 02 
0 01 
0 03 
0 03 
0 03 
0.02 
0 00 
0 00 
0 01 
-0 05 
-0 10 
-0 09 
-0 06 
-0 04 
0 00 
-0.02 
-0 05 
-0 02 
-0 03 
-0 07 
-0 12 
-0 04 
0 04 
0 04 
0 04 
1879 4 
1875 4 
18715 
1867.4 
1863 5 
1859.3 
1855.6 
18512 
1846.0 
1840 4 
1834 6 
1829 0 
1824 1 
1818.2 
1813 0 
1806.6 
1800 3 
1794 5 
1786 9 
1782 6 
1772 5 
1762 3 
1751 1 
1740 9 
1722 5 
1710 0 
1700 6 
120 
34.75 
35 25 
35 75 
36 25 
36 75 
37.25 
37 75 
38 25 
38.75 
39 25 
8 671802 
8.935582 
9 288564 
9 607569 
9 973961 
10.4579 
10 76425 
11 12714 
11 58337 
1199617 
2 324 
2 088 
2 294 
2 499 
2 281 
2 063 
2 470 
2.878 
2 679 
2 480 
-0.058 
-0 293 
-0 088 
0 118 
-0.100 
-0.319 
0 089 
0.496 
0 297 
0 098 
-0 04 
-0.08 
-0 03 
0 04 
-0 04 
-0 15 
0 03 
0.18 
0 14 
0 04 
1674 6 
1664 5 
1650.9 
1638.7 
1624 6 
1606 0 
1594 2 
1580.2 
1562 7 
1546.8 
121 
SD34 
Chronology 
*dates are extrapolated below 13 75-cm depth using linear reg of 
Background 210Pb @15 25 cm cumulative dry mass and CRS dates (extrap date=cum dry mass-b/m) 
(Average value 15 25-37 25cm): 1.895 dpm/g **dates are extrapolated below 37 25-cm depth using linear reg of 
Cum. Dry mass Regression Line: depth and CRS dates from 0-37 25 cm 
Slope 
v-
inter 
-0.019 
38.272 
Extrap. RC 
Unsupported Pb-210 (CRS Model): Extrap. KB Core Core 
Mid-
Point 
Depth 
(cm) 
0 25 
0 75 
1.25 
1.75 
2.25 
2 75 
3 25 
3.75 
Cum 
Dry 
Mass 
(g/cmA2) 
0 0164 
0 0491 
0 1192 
0 1465 
0 1712 
0 2033 
0 2328 
0 2637 
Inter-
polated 
Pb-210 
(dpm/g) 
19 522 
18 881 
18.241 
19 307 
20 373 
19.320 
18 267 
16 353 
Unsupported 
Pb-210 
(Interpolated 
- background) 
(dpm/g) 
17.627 
16.986 
16.345 
17 411 
18 477 
17.425 
16 372 
14.458 
Unsupported 
Pb-210 
per interval 
(dpm/cm2) 
0 29 
0 55 
1.15 
0 48 
0 46 
0 56 
0 48 
0 45 
Unsupported | X\_ A ) 
Pb-210 
cumulative 
mass 
(dpm/cm2) 
12.52 
12 23 
1167 
10 53 
10.05 
9.59 
9 03 
8.55 
CRS Date 
(Year AD 
1 *Extrap 
) 
2007.2 
2006.4 
2005.0 
2001.6 
2000.2 
1998.7 
1996.7 
1995.0 
below 
12 75 cm 
mid pt depth 
2007.2 
2006.4 
2005.0 
2001.6 
2000.2 
1998 7 
1996 7 
1995.0 
SD34 
RC-2 
Depth 
37 75 
38 25 
38 75 
39.25 
39.75 
40 25 
40 75 
4125 
** Extrap 
below 
37 25 cm 
mid pt depth 
1489.1 
1479.3 
1469.5 
1459.7 
1449.9 
1440.0 
1430.2 
1420.4 
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125 
GSL1 
Chronology 
*dates are extrapolated below 11 25-cm depth using linear reg of 
Background 210Pb @12.25 cm cumulative dry mass and CRS dates (extrap date=cum dry mass-b/m) 
(Average value 12 25-26 25cm) 1.082 dpm/g **dates are extrapolated below 26 25-cm depth using linear reg of 
Cum. Dry mass Regression Line: depth and CRS dates from 0-26.25 cm 
Slope 
y-
intercept 
-0.0146 
29.2099 
Extrap. RC 
Unsupported Pb-210 (CRS Model): Extrap. KB Core Core 
Midpoint 
Depth 
(cm) 
0 25 
0 75 
125 
1.75 
2 25 
Cumulative 
Dry mass 
(g/cm*2) 
0 0124 
0 0378 
0.0603 
0 0960 
0 1183 
Interpolated 
Pb-210 
(dpm/g) 
14 912 
15 571 
15 333 
15.096 
14 440 
Unsupported 
Pb-210 
(Interpolated 
- background) 
(dpm/g) 
13.830 
14 489 
14 252 
14 014 
13.358 
Unsupported 
Pb-210 
per interval 
(dpm/cm2) 
0 17 
0 37 
0 32 
0 50 
0.30 
Unsupported | i™ A j 
Pb-210 
cumulative 
mass 
(dpm/cm2) 
5.38 
5 21 
4 84 
4 52 
4 02 
CRS Date 
(Year AD 
| *Extrap. 
) 
2007.2 
2006.2 
2003.8 
2001.6 
1997.8 
below 
1125 cm 
mid pt depth 
2007.2 
2006.2 
2003.8 
2001.6 
1997.8 
SD34 
RC-2 
Depth 
26.75 
27 25 
27.75 
28.25 
28.75 
** Extrap 
below 
26 25 cm 
mid pt depth 
1720.8 
1714.5 
1708.2 
1702.0 
1695.7 
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Appendix C: C Results from Beta Analytic 
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LAB NUMBER: Beta - 259576 1190 
SAMPLE: SD34RC21 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT : (plant material): acid/alkali/acid 
RADIOCARBON AGE: +/- 40 BP 
13C/12C RATIO: -13.6 %o 
CONVENTIONAL RADIOCARBON AGE: 1380 +/- 40 BP 
2 SIGMA CALIBRATION : Cal AD 610 to 680 (Cal BP 1340 to 1270) 
LAB NUMBER: Beta - 259577 1710 
SAMPLE : SD34RC22 
ANALYSIS : AMS-Standard delivery 
MATERIAL/PRETREATMENT : (plant material): acid/alkali/acid 
RADIOCARBON AGE: 1710 +/- 40 BP 1840 +/- 40 BP 
13C/12C RATIO:-16.9 %o 
CONVENTIONAL RADIOCARBON AGE: 1840 +/- 40 BP 
2 SIGMA CALIBRATION : Cal AD 80 to 250 (Cal BP 1870 to 1700) 
CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS 
CVmnblci L b r i : = - b 6 hb mulr=l . 
L a b o i a t o i v u u m b e i Beta 2^9576 
C otMeDtional lad iocai boa age 13S0±4 0 BP 
2 Sigma calibiat?() lesul t Cal 4D olO (o oSO <C ;il BP 1340 to 12^0) 
(95°o pi ob-tbiim ) 
Intercept data 
Intercept ol ladiocaibon aae 
\\ lth e alibi inou eim e f al AD o<o iC i l B P 13O0 I 
1 Signal calibrated leMilr C al \ D 04U to <56u fC al BP HID to 12 Mb 
i&8°o piobabiht>) 
138C±40 BP Plant tm at erwl 
Reference* 
Databa\t *utd 
I\TC±L04 
Calibration Database 
I\ TC II 94 Radiocarbon lge Cmibratwit 
IntC a 04 CcibiT a *L> ie o Fu ,o-
yfaiiwTtttitia 
4 Strnpstfifd Approach in Calibrating ( 14 T>ai.-i 
rhoi 1} C Jie-fO '.} J 2004) 
Beta Analytic Radiocarbon Dating Laboratory 
-,$5S 5 iJ '•<&> Ccit \Jiawt F ->rii.j j Fit i OSjdO* Q4t>4 - f * ' ;? / V?Ji*n- f;o'-iJr&cnro J 
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS 
i , \a i ia l i lcs C H ( 12=-i6<3 lab m n l i = l ) 
L a b o i a t o i t i i u m b r i : Beta 2 5 9 5 7 ' ' 
C CJIH en liull.ll l i i i l iui . l l liuil ugc 1 S 4 0 ± 4 0 B P 
2 S i g m a f a h l i i a t f i i l e s u l t - ( a l \T> 80 to 2*0 (t a l B P 18"70 to fOf i ) 
(05»o p i ob: ib i l i t \ ) 
In te lcept data 
lufe icep r of iadiOi.arbon age 
« a h cahb ia t i on c u i \ e Cal AD 1-10 <C al B P 1S10"> 
1 Sisrn.) cal ibrated re ,u t t Cal AD 120 to 230 (C al BP 1S*0 tu l " 2 0 i 
(6?°o probability1) 
Plan material 
200 220 
Rele t ence> 
Database iistd 
[VTC4L04 
Calibration Dawban 
I\ IC 4L01 Rmlwcerbon 4gt' Calibration 
Ii)'Cai04 Calib'ctioii Issue oj RaJtoit" Don lloi,t*e4o nr * 2004) 
Xtatl r*Htarir\ 
4 Simpltfitii 4pproacl to Calilratwg C14 Dalts 
Tainn 4 i I'oge J C ' P 0 j Rnd.ocartcm »»fj/ ail7 i ' -
Beta Analytic Radiocarbon Dating Laboratory 
4«S>>ft ~-7/ Coy. Miami Foriai*^}^ *£V01" M T • ?c\ ^0^oo-'-09frJ •£ 'A/; beta^,raiiocrrbc» ecu 
136 
Appendix D: LOI Results 
SR1 
KB-2 
Coring Date: 24-Mar-07 
Loss-on-lgnition Results 
Sed Dei 
(Top) 
0 0 
0 5 
1 0 
1 5 
2 0 
2 5 
3 0 
4 0 
4 5 
5 0 
5 5 
6 0 
6 5 
7 0 
7 5 
8 0 
8 5 
9 0 
9 5 
1 0 0 
1 0 5 
11 0 
11 5 
1 2 0 
1 3 0 
1 3 5 
1 4 0 
1 4 5 
1 5 0 
1 5 5 
1 6 0 
1 6 5 
1 7 0 
1 7 5 
1 8 0 
1 8 5 
1 9 0 
1 9 5 
20 0 
20 5 
21 0 
oth (cm) 
(Bottom) 
0 5 
1 0 
1 5 
2 0 
2 5 
3 0 
3 5 
4 5 
5 0 
5 5 
6 0 
6 5 
7 0 
7 5 
8 0 
8 5 
9 0 
9 5 
1 0 0 
1 0 5 
11 0 
11 5 
1 2 0 
1 3 0 
1 3 5 
14 0 
14 5 
1 5 0 
1 5 5 
16 0 
16 5 
1 7 0 
17 5 
1 8 0 
1 8 5 
1 9 0 
1 9 5 
20 0 
20 5 
21 0 
21 5 
Midpoint 
depth (cm) 
0 25 
0 75 
125 
175 
2 25 
2 75 
3 25 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
1125 
1175 
12 50 
13 25 
13 75 
14 25 
14 75 
15 25 
15 75 
16 25 
16 75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
20 75 
2125 
%H20 
90 23 
89 01 
89 05 
87 70 
88 21 
87 64 
87 06 
86 72 
86 32 
85 91 
84 81 
83 96 
84 57 
83 91 
83 51 
83 19 
83 37 
84 60 
84 79 
83 62 
83 70 
82 46 
80 95 
79 97 
78 59 
80 92 
79 88 
8118 
80 62 
80 96 
79 20 
79 73 
79 84 
80 16 
8109 
80 09 
82 04 
79 02 
78 99 
78 74 
80 02 
%OM 
(%dry 
wt) 
25 37 
30 15 
29 58 
27 35 
26 73 
30 51 
30 30 
28 63 
28 26 
28 35 
27 93 
25 07 
26 47 
28 69 
29 74 
26 10 
28 50 
26 66 
26 09 
25 94 
27 24 
24 94 
23 94 
26 51 
22 46 
23 91 
24 16 
23 38 
26 68 
24 03 
22 38 
22 43 
22 89 
22 95 
24 24 
23 10 
24 20 
23 17 
2135 
23 56 
22 73 
%MM 
(%dry 
wt) 
72 07 
67 28 
68 24 
69 74 
69 91 
67 33 
67 42 
68 05 
68 79 
68 06 
69 37 
72 13 
7104 
68 74 
67 04 
70 75 
67 87 
70 27 
7129 
7131 
70 11 
7199 
73 49 
70 88 
75 17 
73 85 
73 23 
73 77 
70 92 
73 23 
74 79 
74 38 
74 27 
74 55 
73 03 
73 29 
72 91 
74 51 
76 54 
74 74 
74 81 
LOI 
1000 
(%dry 
wt) 
2 56 
2 57 
2 18 
2 91 
3 36 
2 16 
2 27 
3 32 
2 95 
3 60 
2 70 
2 80 
2 50 
2 56 
3 22 
3 15 
3 62 
3 07 
2 62 
2 74 
2 64 
3 07 
2 57 
2 61 
2 36 
2 24 
2 61 
2 85 
2 39 
2 73 
2 83 
3 19 
2 84 
2 50 
2 73 
3 61 
2 88 
2 32 
2 12 
170 
2 46 
%CaC03 
(%dry 
wt) 
5 82 
5 85 
4 95 
6 62 
7 64 
4 90 
5 17 
7 54 
6 71 
8 18 
6 14 
6 36 
5 67 
5 83 
7 32 
7 16 
8 23 
6 98 
5 96 
6 23 
6 01 
6 98 
5 84 
5 93 
5 37 
5 09 
5 94 
6 47 
5 44 
6 21 
6 44 
7 25 
6 45 
5 67 
6 20 
8 20 
6 55 
5 27 
4 81 
3 87 
5 60 
138 
21 5 
22 0 
22 5 
23 
23 5 
24 
24 5 
25 
25 5 
26 
26 5 
27 0 
27 5 
28 0 
28 5 
29 0 
29 5 
30 0 
30 5 
31 0 
31 5 
32 0 
32 5 
33 0 
33 5 
34 0 
34 5 
35 0 
35 5 
36 0 
36 5 
37 0 
37 5 
38 0 
38 5 
39 0 
39 5 
22 0 
22 5 
23 0 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
26 5 
27 0 
27 5 
28 0 
28 5 
29 0 
29 5 
30 0 
30 5 
31 0 
31 5 
32 0 
32 5 
33 0 
33 5 
34 0 
34 5 
35 0 
35 5 
36 0 
36 5 
37 0 
37 5 
38 0 
38 5 
39 0 
39 5 
40 0 
2175 
22 25 
22 75 
23 25 
23 75 
24 25 
24 75 
25 25 
25 75 
26 25 
26 75 
27 25 
27 75 
28 25 
28 75 
29 25 
29 75 
30 25 
30 75 
3125 
3175 
32 25 
32 75 
33 25 
33 75 
34 25 
34 75 
35 25 
35 75 
36 25 
36 75 
37 25 
37 75 
38 25 
38 75 
39 25 
39 75 
79 18 
79 88 
78 75 
78 61 
77 34 
79 36 
77 23 
74 49 
7124 
70 84 
73 63 
72 77 
74 87 
73 11 
69 31 
66 67 
74 55 
66 21 
66 08 
59 89 
57 51 
50 37 
50 77 
43 75 
46 86 
48 69 
43 41 
5102 
4128 
47 56 
46 62 
43 09 
40 42 
4135 
44 24 
36 20 
37 31 
22 98 
23 29 
23 12 
2124 
2159 
22 91 
22 91 
20 95 
20 90 
19 11 
22 44 
24 36 
24 56 
25 53 
24 01 
2131 
28 60 
18 63 
2198 
18 70 
18 49 
14 80 
13 10 
1164 
12 02 
14 24 
10 30 
18 29 
10 95 
15 54 
14 63 
8 08 
10 37 
12 11 
12 17 
8 90 
8 26 
74 77 
73 98 
74 98 
76 15 
75 93 
74 65 
73 90 
76 48 
76 88 
78 32 
75 32 
73 70 
73 76 
72 43 
73 72 
76 23 
69 18 
78 51 
76 10 
79 21 
79 59 
83 23 
84 72 
86 64 
85 80 
83 56 
87 76 
79 83 
87 22 
82 66 
83 73 
86 83 
87 63 
86 21 
86 47 
89 63 
89 85 
2 25 
2 73 
190 
2 61 
2 48 
2 44 
3 19 
2 57 
2 22 
2 57 
2 24 
194 
168 
2 05 
2 27 
2 46 
2 22 
2 86 
192 
2 09 
192 
197 
2 18 
171 
2 18 
2 19 
194 
187 
183 
180 
163 
5 09 
2 00 
168 
135 
147 
189 
5 12 
6 20 
4 33 
5 93 
5 64 
5 55 
7 24 
5 85 
5 04 
5 84 
5 08 
4 40 
3 82 
4 65 
5 15 
5 58 
5 05 
6 49 
4 36 
4 75 
4 36 
4 47 
4 96 
3 89 
4 96 
4 99 
4 42 
4 26 
4 16 
4 10 
3 71 
1156 
4 55 
3 82 
3 07 
3 34 
4 29 
SD34 KB-2 
Coring Date: 24-Mar-07 
Loss-on-lgnition Results 
Sed Depth (cm) 
(Top) 
00 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
10 0 
10 5 
110 
115 
12 0 
12 5 
13 0 
13 5 
14 0 
14 5 
15 0 
15 5 
16 0 
16 5 
17 0 
17 5 
18 0 
18 5 
19 0 
19 5 
20 0 
20 5 
(Bottom) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
10 0 
10 5 
110 
115 
12 0 
12 5 
13 0 
13 5 
14 0 
14 5 
15 0 
15 5 
16 0 
16 5 
17 0 
17 5 
18 0 
18 5 
19 0 
19 5 
20 0 
20 5 
210 
Midpoint 
depth (cm) 
0 25 
0 75 
125 
175 
2 25 
2 75 
3 25 
3 75 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
1125 
1175 
12 25 
12 75 
13 25 
13 75 
14 25 
14 75 
15 25 
15 75 
16 25 
16 75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
20 75 
%H20 
98 27 
89 26 
80 69 
94 04 
93 53 
92 90 
92 59 
92 65 
9138 
89 06 
88 70 
86 93 
87 17 
86 93 
87 00 
86 46 
85 38 
86 74 
83 65 
86 23 
86 49 
85 86 
84 85 
83 49 
84 52 
82 10 
8157 
8148 
8195 
76 08 
80 65 
78 95 
79 31 
79 11 
78 87 
78 78 
77 49 
77 04 
75 18 
75 24 
75 34 
76 17 
%OM 
(%dry 
wt) 
84 95 
27 86 
16 87 
62 09 
72 59 
73 47 
7153 
68 78 
67 96 
65 37 
64 40 
64 60 
64 70 
63 29 
64 70 
62 94 
62 71 
62 95 
56 87 
62 27 
6188 
62 01 
6196 
6167 
59 43 
60 98 
5187 
59 78 
58 18 
47 70 
58 60 
53 67 
56 36 
55 74 
56 20 
54 29 
53 38 
53 48 
48 36 
49 83 
48 96 
48 52 
%MM 
(%dry 
wt) 
13 98 
7177 
82 36 
35 95 
25 30 
25 20 
26 24 
28 43 
30 32 
32 59 
33 82 
34 19 
33 00 
34 56 
33 38 
35 31 
35 31 
35 24 
4148 
35 60 
36 05 
35 41 
36 23 
36 12 
38 33 
37 33 
46 14 
38 34 
40 06 
50 68 
39 14 
44 72 
40 96 
4194 
4179 
43 63 
44 25 
44 11 
49 58 
47 54 
48 81 
49 16 
LOI 
1000 
(%dry 
wt) 
108 
0 37 
0 77 
196 
2 11 
133 
2 23 
2 79 
172 
2 04 
178 
121 
2 31 
2 15 
192 
175 
198 
181 
165 
2 13 
2 07 
2 58 
181 
2 21 
2 24 
170 
199 
188 
176 
162 
2 26 
161 
2 67 
2 32 
2 02 
2 08 
2 37 
2 41 
2 06 
2 63 
2 24 
2 32 
%CaC03 
(%dry 
wt) 
2 44 
0 84 
175 
4 46 
4 79 
3 01 
5 06 
6 35 
3 91 
4 63 
4 05 
2 75 
5 24 
4 89 
4 36 
3 98 
4 49 
4 11 
3 76 
4 85 
4 71 
5 86 
4 12 
5 03 
5 09 
3 86 
4 52 
4 27 
4 00 
3 69 
5 13 
3 66 
6 08 
5 26 
4 58 
4 72 
5 39 
5 47 
4 68 
5 97 
5 09 
5 27 
£0S 
£V9 
frZS 
66 S 
6ZS 
LIS 
OES 
ZT S 
£6S 
9ZS 
L8V 
817 9 
E6S 
08 fr 
Z6fr 
6S t-
Z.ES 
ZOE 
E8E 
9SS 
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S8 9 
8£l7 
LX S 
6617 
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60S 
OES 
LX S 
9£S 
£T S 
017 S 
£Sl7 
019 
EZZ 
E8Z 
OEZ 
M Z 
EEZ 
ZEZ 
££2 
SZZ 
£9 2 
ZEZ 
t7l Z 
SSZ 
19 Z 
I T Z 
91 Z 
ZOZ 
9£ Z 
££T 
89 1 
S W 
£ZZ 
Z0£ 
OT Z 
8ZZ 
61 Z 
LZZ 
17ZZ 
££Z 
LZZ 
£SZ 
9ZZ 
8£Z 
10 Z 
89 Z 
ELL9 
00 09 
6£6S 
ST £9 
8E6S 
S£09 
Z£1?S 
8617S 
89 SS 
08 6S 
SOSS 
E9ES 
81 £S 
0Z.9S 
££17S 
6£SS 
Sl7 8t7 
60 89 
0917S 
61 9S 
SEES 
SZ.IS 
TE9S 
t7£0S 
t7SZS 
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81? £S 
OSES 
E17 17S 
SI £S 
176ZS 
£1 ZS 
t79I9 
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£0 0£ 
£T££ 
06 ££ 
TZfrE 
0£8£ 
E6 9E 
SEE17 
££Zfr 
69Tfr 
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ZSE17 
XZto 
8 1 1 ^ 
ISE17 
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6S0E 
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t7ZSl7 
6ST17 
66 917 
Z.ZS17 
T9£fr 
8Z0fr 
£11717 
6ZE1? 
Z£l7f 
08l7f 
617S17 
SE9E 
179 917 
19 19 
££89 
££89 
ZS99 
9S89 
Z9£9 
I I OL 
ZLOL 
SS69 
16 99 
S9 69 
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99 OL 
S8 89 
80 OL 
££89 
60 ZL 
80 Z9 
8£0£ 
SZO£ 
L9XL 
26 XL 
9fr0£ 
8t7Z£ 
£SZ£ 
8 S I £ 
£6 69 
OZZ£ 
£T££ 
6T W. 
E0££ 
SZ££ 
E17 69 
9t?S£ 
S£££ 
SZ£E 
S£9£ 
SZ9E 
S£S£ 
SZSE 
S£t7£ 
SZfrE 
S£££ 
SZ££ 
S£Z£ 
SZZE 
S£TE 
SZIE 
S£OE 
SZOE 
S£6Z 
SZ6Z 
S£8Z 
SZ8Z 
S££Z 
SZLZ 
SL9Z 
SZ9Z 
S£SZ 
SZSZ 
S£17Z 
SZfrZ 
S£EZ 
SZEZ 
SLZZ 
SZZZ 
S£TZ 
S Z I Z 
0 8E 
S££ 
0££ 
S9E 
0 9E 
SSE 
0S£ 
St-E 
OfrE 
SEE 
0££ 
SZE 
OZE 
S I £ 
OTE 
S0£ 
0 0£ 
S6Z 
0 6Z 
S8Z 
0 8Z 
S£Z 
0£Z 
S9Z 
0 9Z 
SSZ 
OSZ 
S17Z 
Ot7Z 
SEZ 
0£Z 
SZZ 
OZZ 
S I Z 
S££ 
0££ 
S9£ 
0 9£ 
SSE 
OSE 
S17£ 
OfrE 
SEE 
OEE 
SZE 
OZE 
S IE 
OTE 
SOE 
OOE 
S6Z 
0 6Z 
S8Z 
0 8Z 
S£Z 
0£Z 
S9Z 
0 9Z 
SSZ 
OSZ 
S17Z 
OfrZ 
SEZ 
OEZ 
SZZ 
OZZ 
S I Z 
OTZ 
Ot7l 
SR1 
RC-2 
Coring Date: 24-Mar-07 
Loss-on-lgnition Results 
SedDe 
(Top) 
00 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
10 0 
10 5 
110 
115 
12 0 
12 5 
13 0 
13 5 
14 0 
14 5 
15 0 
15 5 
16 0 
16 5 
17 0 
17 5 
18 0 
18 5 
19 0 
19 5 
20 0 
20 5 
oth (cm) 
(Bottom) 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
10 0 
10 5 
110 
115 
12 0 
12 5 
13 0 
13 5 
14 0 
14 5 
15 0 
15 5 
16 0 
16 5 
17 0 
17 5 
18 0 
18 5 
19 0 
19 5 
20 0 
20 5 
210 
Midpoint 
depth (cm) 
0 25 
0 75 
125 
175 
2 25 
2 75 
3 25 
3 75 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
1125 
1175 
12 25 
12 75 
13 25 
13 75 
14 25 
14 75 
15 25 
15 75 
16 25 
16 75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
20 75 
%H20 
87 85 
86 22 
85 75 
85 24 
84 33 
84 70 
83 48 
8115 
84 08 
82 47 
82 47 
82 12 
82 08 
82 13 
80 74 
8162 
82 20 
8145 
8146 
8173 
8194 
82 11 
8154 
8114 
79 91 
80 31 
79 49 
80 34 
79 23 
79 45 
79 19 
78 11 
78 61 
79 28 
78 42 
78 18 
76 91 
78 04 
77 38 
77 34 
78 28 
78 29 
%OM 
(%dry 
wt) 
66 46 
64 96 
65 37 
65 53 
64 90 
63 10 
62 77 
64 46 
62 14 
6153 
62 12 
62 19 
62 88 
6107 
62 08 
60 59 
6140 
63 25 
6178 
6182 
62 24 
62 58 
62 17 
60 84 
60 82 
60 64 
6159 
64 15 
6166 
58 78 
59 63 
59 11 
59 40 
59 19 
59 53 
58 01 
57 88 
57 64 
56 93 
57 18 
57 35 
56 15 
%MM 
(%dry 
wt) 
3125 
32 84 
32 18 
3132 
32 81 
34 62 
34 80 
33 86 
35 36 
36 22 
35 82 
36 02 
35 17 
36 30 
36 04 
36 90 
36 46 
34 99 
36 30 
35 81 
35 57 
35 32 
35 72 
36 73 
36 91 
36 53 
36 14 
33 85 
36 14 
38 86 
37 92 
38 71 
38 43 
38 59 
38 71 
40 11 
39 82 
40 27 
40 84 
4112 
40 73 
4139 
LOI 
1000 
(%dry 
wt) 
2 29 
2 20 
2 44 
3 15 
2 29 
2 28 
2 43 
168 
2 51 
2 26 
2 06 
179 
194 
2 63 
188 
2 51 
2 14 
177 
192 
2 37 
2 20 
2 10 
2 11 
2 43 
2 28 
2 82 
2 26 
2 00 
2 20 
2 37 
2 46 
2 19 
2 17 
2 22 
176 
188 
2 30 
2 09 
2 23 
169 
192 
2 46 
%CaC03 
(%dry 
wt) 
5 20 
5 00 
5 55 
7 15 
5 21 
5 19 
5 52 
3 82 
5 70 
5 13 
4 67 
4 07 
4 42 
5 97 
4 28 
5 71 
4 87 
4 01 
4 36 
5 39 
4 99 
4 76 
4 79 
5 53 
5 18 
6 42 
5 15 
4 54 
5 01 
5 38 
5 58 
4 97 
4 93 
5 05 
4 00 
4 27 
5 22 
4 75 
5 07 
3 85 
4 36 
5 59 
142 
210 
215 
22 0 
22 5 
23 0 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
26 5 
27 0 
27 5 
28 0 
28 5 
29 0 
29 5 
30 0 
30 5 
310 
315 
32 0 
32 5 
33 0 
33 5 
34 0 
34 5 
35 0 
35 5 
36 0 
36 5 
37 0 
37 5 
38 0 
38 5 
39 0 
39 5 
40 0 
40 5 
410 
415 
42 0 
42 5 
43 0 
43 5 
44 0 
44 5 
45 0 
45 5 
215 
22 0 
22 5 
23 0 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
26 5 
27 0 
27 5 
28 0 
28 5 
29 0 
29 5 
30 0 
30 5 
310 
315 
32 0 
32 5 
33 0 
33 5 
34 0 
34 5 
35 0 
35 5 
36 0 
36 5 
37 0 
37 5 
38 0 
38 5 
39 0 
39 5 
40 0 
40 5 
410 
415 
42 0 
42 5 
43 0 
43 5 
44 0 
44 5 
45 0 
45 5 
46 0 
2125 
2175 
22 25 
22 75 
23 25 
23 75 
24 25 
24 75 
25 25 
25 75 
26 25 
26 75 
27 25 
27 75 
28 25 
28 75 
29 25 
29 75 
30 25 
30 75 
3125 
3175 
32 25 
32 75 
33 25 
33 75 
34 25 
34 75 
35 25 
35 75 
36 25 
36 75 
37 25 
37 75 
38 25 
38 75 
39 25 
39 75 
40 25 
40 75 
4125 
4175 
42 25 
42 75 
43 25 
43 75 
44 25 
44 75 
45 25 
45 75 
77 00 
78 49 
77 58 
76 62 
77 59 
76 69 
76 21 
78 25 
76 66 
76 85 
75 33 
75 38 
75 63 
75 45 
75 47 
75 24 
76 50 
75 07 
75 54 
75 40 
75 02 
72 81 
73 35 
72 21 
73 97 
73 15 
73 43 
72 10 
72 13 
7166 
70 21 
70 60 
69 13 
69 62 
67 51 
70 23 
70 78 
7101 
7198 
7138 
7159 
70 43 
68 49 
67 88 
70 02 
68 78 
68 61 
69 76 
68 39 
70 21 
56 30 
56 32 
56 63 
55 19 
56 53 
55 27 
55 12 
53 33 
56 15 
58 27 
53 27 
53 78 
52 35 
52 08 
53 19 
50 94 
52 93 
5157 
52 20 
50 24 
50 86 
50 58 
50 61 
49 27 
49 90 
49 66 
50 11 
47 96 
48 39 
46 93 
44 57 
45 34 
43 82 
44 11 
44 30 
44 63 
45 82 
47 27 
45 79 
42 95 
44 54 
44 35 
43 01 
42 06 
4192 
4141 
4177 
39 93 
40 36 
42 49 
4187 
4186 
4132 
42 64 
4188 
42 67 
43 07 
44 51 
42 01 
39 86 
44 80 
44 52 
45 30 
45 79 
45 16 
47 25 
45 23 
46 91 
45 93 
47 96 
47 42 
47 57 
47 54 
48 51 
48 57 
49 11 
48 00 
50 23 
48 53 
50 91 
52 74 
52 60 
54 12 
53 31 
53 70 
53 05 
5169 
50 37 
52 43 
54 80 
53 64 
53 37 
54 55 
55 90 
55 71 
56 17 
56 15 
56 95 
57 61 
55 53 
183 
182 
2 05 
2 17 
159 
2 06 
181 
2 16 
184 
187 
192 
170 
2 35 
2 12 
165 
181 
184 
152 
186 
180 
172 
185 
185 
2 22 
154 
123 
190 
180 
3 09 
2 16 
2 70 
2 06 
2 06 
2 58 
2 01 
2 32 
2 49 
2 36 
179 
2 26 
182 
2 29 
2 44 
2 04 
2 37 
2 42 
2 08 
3 13 
2 03 
198 
4 17 
4 14 
4 65 
4 93 
3 62 
4 67 
4 12 
4 91 
4 18 
4 24 
4 37 
3 86 
5 34 
4 83 
3 76 
4 11 
4 18 
3 46 
4 24 
4 10 
3 92 
4 21 
4 21 
5 04 
3 50 
2 80 
4 31 
4 10 
7 01 
4 91 
6 13 
4 69 
4 68 
5 86 
4 56 
5 26 
5 66 
5 37 
4 06 
5 13 
4 14 
5 19 
5 55 
4 63 
5 38 
5 50 
4 73 
7 11 
4 61 
4 50 
143 
46 0 
46 5 
47 0 
47 5 
48 0 
48 5 
49 0 
49 5 
50 0 
50 5 
510 
515 
52 0 
52 5 
53 0 
53 5 
54 0 
54 5 
55 0 
55 5 
56 0 
56 5 
57 0 
57 5 
58 0 
58 5 
59 0 
59 5 
60 0 
60 5 
610 
615 
62 0 
62 5 
63 0 
63 5 
64 0 
64 5 
65 0 
65 5 
66 0 
66 5 
67 0 
67 5 
68 0 
68 5 
69 0 
69 5 
70 0 
70 5 
46 5 
47 0 
47 5 
48 0 
48 5 
49 0 
49 5 
50 0 
50 5 
510 
515 
52 0 
52 5 
53 0 
53 5 
54 0 
54 5 
55 0 
55 5 
56 0 
56 5 
57 0 
57 5 
58 0 
58 5 
59 0 
59 5 
60 0 
60 5 
610 
615 
62 0 
62 5 
63 0 
63 5 
64 0 
64 5 
65 0 
65 5 
66 0 
66 5 
67 0 
67 5 
68 0 
68 5 
69 0 
69 5 
70 0 
70 5 
710 
46 25 
46 75 
47 25 
47 75 
48 25 
48 75 
49 25 
49 75 
50 25 
50 75 
5125 
5175 
52 25 
52 75 
53 25 
53 75 
54 25 
54 75 
55 25 
55 75 
56 25 
56 75 
57 25 
57 75 
58 25 
58 75 
59 25 
59 75 
60 25 
60 75 
6125 
6175 
62 25 
62 75 
63 25 
63 75 
64 25 
64 75 
65 25 
65 75 
66 25 
66 75 
67 25 
67 75 
68 25 
68 75 
69 25 
69 75 
70 25 
70 75 
68 24 
69 71 
69 43 
68 20 
68 60 
66 85 
66 97 
67 70 
68 23 
63 20 
63 73 
64 11 
62 14 
60 85 
60 47 
59 10 
59 28 
60 20 
60 19 
57 35 
57 61 
53 44 
56 77 
56 34 
56 35 
49 48 
52 10 
44 77 
43 42 
49 80 
34 07 
42 97 
4158 
3131 
35 91 
32 13 
3103 
32 38 
3172 
35 36 
35 11 
39 01 
30 14 
30 87 
32 29 
33 36 
35 37 
35 20 
38 00 
28 91 
4107 
4177 
4152 
38 18 
38 94 
35 93 
34 54 
36 63 
37 93 
30 77 
32 36 
30 97 
30 74 
28 53 
28 11 
25 72 
25 67 
26 86 
26 26 
26 13 
25 37 
22 39 
22 83 
23 28 
20 26 
17 60 
17 37 
1190 
1190 
17 71 
7 86 
1137 
10 60 
7 44 
9 01 
7 43 
6 12 
6 82 
6 18 
7 88 
8 05 
9 48 
5 96 
6 67 
6 94 
7 62 
7 57 
7 00 
7 87 
5 36 
56 63 
55 73 
56 27 
59 75 
58 64 
61.86 
62 94 
60 85 
59 82 
66 96 
65 34 
66 35 
66 74 
69 37 
69 77 
7180 
7184 
70 89 
7133 
7168 
72 72 
75 39 
74 64 
74 54 
75 48 
80 05 
80 34 
85 57 
85 62 
80 13 
89 21 
86 04 
86 72 
89 44 
88 46 
89 97 
9116 
90 05 
90 36 
88 86 
88 87 
87 59 
90 64 
89 83 
89 59 
88 93 
89 10 
89 42 
88 42 
9117 
2 30 
2 50 
2 21 
2 07 
2 42 
2 20 
2 52 
2 52 
2 25 
2 26 
2 29 
2 67 
2 52 
2 10 
2 12 
2 48 
2 49 
2 25 
2 41 
2 19 
191 
2 22 
2 53 
2 18 
4 26 
2 34 
2 28 
2 53 
2 49 
2 15 
2 93 
2 59 
2 68 
3 12 
2 54 
2 61 
2 71 
3 12 
3 46 
3 27 
3 07 
2 93 
3 39 
3 50 
3 47 
3 45 
3 32 
3 58 
3 71 
3 46 
5 23 
5 69 
5 01 
4 70 
5 50 
5 01 
5 72 
5 72 
5 11 
5 14 
5 21 
6 08 
5 73 
4 77 
4 82 
5 64 
5 66 
5 12 
5 47 
4 98 
4 34 
5 05 
5 74 
4 96 
9 68 
5 33 
5 19 
5 74 
5 65 
4 89 
6 66 
5 88 
6 09 
7 09 
5 76 
5 93 
6 16 
7 10 
7 86 
7 43 
6 99 
6 65 
7 71 
7 96 
7 89 
7 84 
7 55 
8 13 
8 43 
7 86 
144 
GSL1 KB-1 
Coring Date: 25-Mar-07 
Loss-on-lgnition Results 
Sed Depth (cm) 
(Top) 
00 
05 
1 0 
1 5 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
11 0 
11 5 
120 
125 
130 
135 
140 
145 
155 
160 
165 
170 
175 
180 
185 
190 
195 
20 0 
20 5 
21 0 
21 5 
22 0 
22 5 
(Bottom) 
05 
1 0 
1 5 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
11 0 
11 5 
120 
125 
130 
135 
140 
145 
155 
160 
165 
170 
175 
180 
185 
190 
195 
20 0 
20 5 
21 0 
21 5 
22 0 
22 5 
23 0 
Midpoint 
depth (cm) 
0 25 
0 75 
1 25 
1 75 
2 25 
2 75 
3 25 
3 75 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
11 25 
11 75 
12 25 
12 75 
13 25 
13 75 
14 25 
15 00 
15 75 
16 25 
16 75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
20 75 
21 25 
21 75 
22 25 
22 75 
%H20 
94 30 
93 66 
93 87 
92 74 
93 06 
91 71 
90 50 
90 40 
90 39 
90 40 
88 67 
85 39 
86 97 
88 07 
85 91 
86 92 
85 10 
84 97 
84 63 
85 29 
84 96 
85 62 
84 04 
84 02 
83 47 
82 99 
83 11 
82 59 
81 90 
83 55 
83 25 
83 31 
82 88 
82 71 
82 54 
83 63 
83 04 
82 92 
81 93 
82 88 
81 97 
82 53 
81 86 
82 05 
%OM 
(% dry wt) 
71 21 
76 99 
76 43 
76 57 
76 36 
74 60 
73 45 
73 80 
73 39 
73 31 
71 24 
70 72 
70 76 
71 09 
69 97 
70 71 
70 76 
70 12 
69 76 
70 12 
70 39 
69 88 
71 56 
70 42 
71 00 
72 16 
71 70 
71 55 
71 84 
70 68 
71 60 
71 71 
71 18 
71 94 
69 80 
70 32 
71 37 
71 67 
70 70 
71 82 
69 86 
70 78 
68 49 
68 94 
%MM 
(%dry wt) 
24 49 
20 73 
21 84 
22 25 
21 56 
23 23 
24 12 
23 37 
24 56 
23 64 
25 79 
26 87 
26 32 
26 08 
26 99 
25 98 
26 71 
26 59 
27 41 
27 38 
27 97 
27 21 
25 71 
26 87 
26 08 
25 15 
25 43 
25 57 
25 46 
26 10 
25 60 
25 90 
25 90 
25 12 
27 53 
26 74 
25 82 
25 68 
26 49 
25 33 
27 35 
26 36 
28 74 
28 42 
LOI 1000 
(% dry wt) 
4 30 
2 28 
1 73 
1 17 
2 09 
2 16 
2 42 
2 83 
2 05 
3 05 
2 98 
2 42 
2 92 
2 83 
3 04 
3 32 
2 53 
3 29 
2 83 
2 50 
1 64 
2 92 
2 73 
2 70 
2 92 
2 68 
2 87 
2 88 
2 70 
3 22 
2 80 
2 40 
2 92 
2 94 
2 67 
2 93 
2 81 
2 65 
2 81 
2 85 
2 79 
2 86 
2 77 
2 64 
%CaC03 
(% dry wt) 
9 77 
518 
3 94 
2 66 
4 74 
4 92 
5 51 
6 43 
4 67 
6 94 
6 76 
5 49 
6 65 
6 43 
6 92 
7 54 
5 74 
7 49 
6 43 
5 67 
3 72 
6 63 
6 20 
6 14 
6 64 
6 09 
6 53 
6 54 
613 
7 32 
6 37 
5 44 
6 64 
6 68 
6 07 
6 66 
6 38 
6 03 
6 38 
6 48 
6 35 
6 50 
6 29 
6 01 
23 0 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
26 5 
23 5 
24 0 
24 5 
25 0 
25 5 
26 0 
26 5 
27 0 
23 25 
23 75 
24 25 
24 75 
25 25 
25 75 
26 25 
26 75 
82 41 
82 53 
82 77 
82 44 
82 20 
82 39 
82 32 
82 01 
70 73 
70 96 
70 95 
69 62 
70 29 
69 58 
70 10 
69 18 
26 46 
26 31 
26 14 
27 56 
27 05 
27 72 
27 02 
27 91 
2 80 
2 73 
2 91 
2 81 
2 66 
2 70 
2 88 
2 90 
6 37 
6 20 
6 62 
6 39 
6 04 
6 14 
6 55 
6 59 
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GSL1 RC-1 
Coring Date: 25-Mar-07 
Loss-on-lgnition Results 
Sed Depth (cm) 
(Top) 
0 00 
0 50 
100 
1 50 
2 00 
2 50 
3 00 
3 50 
4.00 
4.50 
5 00 
5.50 
6.00 
6 50 
7 00 
7 50 
8 00 
8.50 
9 00 
9.50 
10 00 
10.50 
1100 
1150 
12 00 
12.50 
13 00 
13 50 
14 00 
14 50 
15 00 
15 50 
16 00 
16 50 
17 00 
17 50 
18 00 
18 50 
19.00 
19 50 
20.00 
(Bottom) 
0 50 
1.00 
150 
2.00 
2 50 
3 00 
3 50 
4.00 
4 50 
5 00 
5.50 
6 00 
6 50 
7 00 
7 50 
8 00 
8 50 
9 00 
9 50 
10 00 
10 50 
1100 
1150 
12 00 
12 50 
13 00 
13 50 
14 00 
14 50 
15 00 
15 50 
16 00 
16 50 
17 00 
17 50 
18 00 
18 50 
19 00 
19.50 
20.00 
20 50 
Midpoint 
depth (cm) 
0.25 
0.75 
1 25 
1 75 
2 25 
2 75 
3 25 
3 75 
4.25 
4 75 
5 25 
5 75 
6.25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
1125 
1175 
12 25 
12 75 
13 25 
13 75 
14.25 
14 75 
15 25 
15 75 
16 25 
16.75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20 25 
%H20 
88.47 
89.62 
87 76 
87.82 
88 63 
89 51 
87 66 
87.17 
88.50 
88 20 
86.17 
86 44 
85 77 
87.23 
86 68 
84 34 
85 95 
87.74 
85 17 
84 00 
84.27 
82 50 
83 28 
82.77 
82 79 
82 80 
83 10 
82 78 
86 39 
87.46 
84 81 
84 27 
88 13 
83 82 
88 62 
88 35 
94 02 
80 52 
82 19 
8194 
82 06 
%OM 
(% dry wt) 
76.63 
76 61 
75.16 
74.62 
74 26 
79 96 
77.43 
73.29 
73.78 
74 14 
72 78 
73.39 
74.57 
73 59 
72 60 
7145 
73 15 
73 92 
7160 
72 20 
71.32 
7146 
72 52 
69.76 
68.39 
69.59 
70 99 
70.24 
76 33 
73 40 
69.82 
7121 
72 85 
70 78 
77 91 
73 09 
83 72 
72 18 
70 81 
70 45 
70 96 
%MM 
(%dry wt) 
21.13 
20 47 
23 53 
23 04 
23 83 
18 54 
24.88 
25 78 
24.31 
22 91 
25 47 
24.66 
23 86 
25 16 
25 00 
26 49 
25 14 
24 09 
25 87 
25.53 
26 87 
26 58 
25 12 
27 77 
27 91 
28 34 
27.13 
27 80 
22 24 
25 20 
28.37 
27.76 
25.69 
27 38 
20 03 
25 17 
15 61 
722 75 
27 52 
28 89 
26 53 
LOI 1000 
(% dry wt) 
2 23 
2 92 
131 
2.34 
191 
150 
-2 31 
0.93 
1.91 
2 95 
175 
194 
157 
125 
2 40 
2 07 
1.70 
199 
2 53 
2 26 
181 
1.96 
2 36 
2 46 
3 70 
2 07 
187 
196 
143 
1.41 
181 
104 
146 
183 
2 05 
174 
0 66 
-694.93 
166 
0 66 
2 51 
%CaC03 
(% dry wt) 
5 08 
6 65 
2 97 
5 31 
4 35 
3 40 
-5 24 
2.12 
4 34 
6 70 
3 97 
4 42 
3 57 
2 84 
5 44 
4.70 
3 87 
4 53 
5 76 
5 15 
4 11 
4 45 
5 36 
5 60 
8 41 
4 71 
4 25 
4 46 
3 26 
3 20 
4 12 
2 36 
3 33 
4 17 
4 67 
3 95 
151 
-
3 78 
150 
5 71 
147 
20 50 
2100 
2150 
22 00 
22 50 
23 00 
23 50 
24 00 
24 50 
25 00 
25 50 
26 00 
26.50 
27 00 
27.50 
28.00 
28 50 
29 00 
29.50 
30 00 
30 50 
31.00 
31.50 
32.00 
32 50 
33.00 
33 50 
34.00 
34 50 
35.00 
35 50 
36.00 
36 50 
37 00 
37.50 
38.00 
38 50 
39.00 
39.50 
40 00 
40 50 
4100 
41.50 
42 00 
42 50 
2100 
2150 
22 00 
22 50 
23 00 
23 50 
24 00 
24 50 
25.00 
25 50 
26 00 
26 50 
27 00 
27.50 
28 00 
28.50 
29 00 
29 50 
30 00 
30 50 
3100 
3150 
32 00 
32 50 
33 00 
33 50 
34 00 
34.50 
35 00 
35 50 
36 00 
36.50 
37 00 
37.50 
38 00 
38 50 
39.00 
39.50 
40 00 
40.50 
4100 
4150 
42 00 
42 50 
43 00 
20 75 
21 25 
2175 
22.25 
22.75 
23 25 
23.75 
24.25 
24 75 
25 25 
25 75 
26.25 
26.75 
27.25 
27 75 
28.25 
28.75 
29.25 
29 75 
30 25 
30 75 
3125 
3175 
32 25 
32 75 
33 25 
33 75 
34 25 
34 75 
35 25 
35 75 
36 25 
36.75 
37 25 
37 75 
38 25 
38 75 
39 25 
39 75 
40 25 
40 75 
4125 
4175 
42 25 
42 75 
8175 
81.73 
82 14 
8104 
8130 
8183 
8130 
79.92 
81.49 
82.70 
82.02 
8189 
81.64 
81.16 
8131 
82 22 
82 15 
8157 
82 01 
8149 
8100 
81.59 
81 56 
81 11 
81.42 
8127 
81 17 
8146 
8158 
81.75 
82 66 
80.93 
8190 
80 24 
8149 
8149 
82.78 
8172 
8101 
80 77 
80 96 
80 74 
80 57 
8179 
80 69 
7127 
7175 
73 21 
72.15 
72.13 
72.67 
68 92 
70.42 
82.19 
72.83 
72 26 
73 23 
69.62 
73.58 
71.61 
71.71 
72 26 
70 26 
70.74 
7112 
7156 
70 59 
7122 
7126 
70.25 
69.80 
69 16 
71.96 
69 44 
68.67 
69.90 
69 75 
71.02 
69.60 
70 24 
70.70 
70.62 
70 46 
69 29 
69 78 
68 65 
69 48 
67 12 
67 19 
69.18 
27.29 
25.61 
25 60 
26 34 
26.49 
25 44 
27 37 
27.87 
27.10 
24 24 
26.32 
25.05 
25 27 
23.74 
26.15 
26 33 
26.43 
28 04 
27 39 
26 60 
26.88 
27 49 
27 51 
27.79 
27 66 
28 72 
27 60 
26 76 
29.37 
29.59 
25.42 
28 45 
27 44 
28.92 
31.74 
28.08 
-737 93 
28.99 
28 75 
29.19 
29 71 
29 57 
30.91 
30.80 
30.51 
144 
2 65 
1.19 
151 
138 
189 
3.71 
1.71 
-9.29 
2 93 
1.43 
171 
5 12 
2.68 
2 24 
196 
132 
1.69 
1.87 
2 28 
156 
191 
1.28 
0 95 
2 09 
1.48 
3 25 
1.28 
1 19 
1.75 
4 68 
1.80 
1.54 
1.48 
-198 
1.21 
767.31 
0.56 
196 
103 
164 
0 95 
198 
2.01 
0 31 
3 26 
6 01 
2 71 
3 42 
3.14 
4 29 
8 43 
3 89 
-21 11 
6 66 
3 24 
3 89 
11.63 
6 10 
5 09 
4 45 
2 99 
3 85 
4 25 
5 18 
3 55 
4 34 
2 91 
2 15 
4.74 
3 36 
7 38 
2 91 
2 70 
3 97 
10 64 
4 10 
3 49 
3.37 
-4 49 
2 75 
1743 89 
127 
4.47 
2 34 
3 73 
2 16 
4 49 
4 57 
0 71 
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SR1 KB-2 
Coring Date: 24-Mar-07 
Organic Carbon and Nitrogen Elemental and Stable Isotope 
Geochemistry 
Midpoint 
Depth (cm) 
0 25 
0 75 
125 
175 
2 25 
2 75 
3 25 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
Year 
(AD) 
2007 00 
2005 82 
2004 51 
2002 67 
2000 47 
1998 00 
1995 41 
1991 96 
1989 17 
1986 51 
1984 03 
1982 15 
1979 69 
1977 28 
1974 53 
1972 44 
1969 77 
1966 77 
O0rcj 
(%) 
13 00 
13 56 
13 38 
14 01 
14 34 
14 35 
14 31 
14 18 
12 57 
12 28 
1192 
12 58 
1130 
13 33 
12 10 
13 66 
1177 
Rpt 
12 25 
Avg 
13 00 
13 56 
13 38 
14 01 
14 34 
14 35 
14 31 
14 18 
12 57 
12 27 
1192 
12 58 
1130 
13 33 
12 10 
13 66 
1177 
N 
(%) 
125 
127 
127 
130 
135 
137 
132 
131 
118 
116 
112 
1 18 
107 
119 
112 
132 
116 
Rpt 
116 
Avg 
125 
127 
127 
130 
135 
137 
132 
131 
1 18 
116 
112 
118 
107 
119 
112 
132 
116 
Corrected N 
(%) (-0 0304) 
1 25 
127 
127 
130 
135 
137 
132 
131 
1 18 
116 
112 
118 
107 
119 
112 
132 
116 
(%o) 
-28 36 
-28 13 
-28 44 
-28 57 
-28 75 
-28 87 
-28 41 
-28 26 
-28 23 
-28 31 
-28 50 
-28 17 
-28 21 
-27 68 
-27 94 
-28 16 
-28 46 
Rpt 
-28 25 
Avg 
-28 36 
-28 13 
-28 44 
-28 57 
-28 75 
-28 87 
-28 41 
-28 26 
-28 23 
-28 28 
-28 50 
-28 17 
-28 21 
-27 68 
-27 94 
-28 16 
-28 46 
d'5/V 
-0 08 
-0 08 
0 10 
0 17 
-0 05 
0 02 
-0 01 
0 01 
-010 
-0 20 
-0 26 
-0 09 
-0 05 
-0 07 
-0 19 
-0 06 
-0 15 
Rpt 
-0 18 
Avg 
-0 08 
-0 08 
0 10 
0 17 
-0 05 
0 02 
-0 01 
0 01 
-0 10 
-0 19 
-0 26 
-0 09 
-0 05 
-0 07 
-0 19 
-0 06 
-0 15 
C/N 
10 38 
10 72 
10 50 
10 78 
10 62 
10 48 
10 86 
10 79 
10 64 
10 62 
10 61 
10 65 
10 54 
11 19 
10 84 
10 38 
10 14 
o 
o 
ID 
O 
p-
rg 
00 
rg 
rg 
00 
rg 
rg 
rg 
rg 
cn 
00 
rg 
00 
<* 
m 
cn 
in 
rg 
cn 
cn 
O 
O 
O 
O 
U1 
O 
CO 
O 
00 
fN 
<T> 
CTi 
cn 
00 
CO 
o 
• = * 
CO 
IT) 
cn 
in 
rg 
o 
00 
00 
cn 
O 
O 
o 
ID 
rg 
rg 
IT) 
o 
rg 
cn 
cn 
O 
rg 
rg 
CO 
O 
00 
in 
00 
cn 
m 
cn 
in 
o 
rg 
o 
rg 
O 
o 
rg 
O 
o 
o 
rg 
o 
in 
rg 
ID 
O 
O 
*D 
O 
r-t 
00 
CO 
o 
CO 
CO 
o 
o 
CO 
cn 
i-H 
in 
rg 
r-
m 
o 
CO 
o 
CO 
o 
r-. 
rg 
rg 
o 
-3-
o 
o 
00 
cn 
o 
00 
cn 
o 
cn 
cn 
^f 
cn 
in 
o 
fM 
o 
o 
rsi 
O 
o 
1 
o 
LO 
r~ 
fM 
i 
O 
LD 
rsi 
fM 
00 
rH 
fM 
00 
rH 
fM 
00 
i-H 
LO 
CTi 
rH 
m 
cn 
rH 
no 
ID 
<* 
rH 
o 
LD 
fN 
rH 
O 
rH 
I-I 
rH 
LD 
fM 
O 
LO 
rsi 
o 
1 
r-." 
fM 
fM 
i 
fM 
O 
lH 
fN 
O 
rH 
rM 
O 
lH 
no 
rH 
rH 
lH 
no 
rH 
rH 
in 
rH 
cn 
rH 
LO 
fM 
no 
I~l 
r--
O 
iH 
fM 
rH 
q 
rsi 
rH 
O 
i 
rH 
LD 
fM 
rH 
LD 
r-. 
fM 
fM 
O 
rH 
O 
rH 
fM 
O 
fM 
O 
r-i 
rH 
fM 
O 
rH 
rH 
rH 
no 
cn 
m 
fTl 
rH 
LD 
m 
I-H 
00 
o 
i-t 
i-l 
i-H 
fM 
O 
i-l 
fM 
O 
• 
cn 
I-l 
fM 
1 
o-i 
rH 
rsi 
O 
rH 
o 
i-H 
o 
rH 
in 
i-i 
i-i 
LD 
LD 
rH 
i-l 
o 
fM 
fM 
no 
CTi 
i-H 
Lfl 
fM 
I-l 
i-H 
O 
i-l 
rH 
I-I 
cp 
rH 
o 
• 
rH 
LO 
fM 
i-l 
ID 
r-. 
fM 
no 
O 
rH 
no 
O 
i-l 
no 
O 
i-l 
fM 
no 
i-H 
i-l 
fM 
no 
rH 
i-l 
O 
LO 
00 
fM 
cn 
i-l 
LO 
-^
i-l 
i-l 
I-I 
i-H 
o 
fM 
cp 
O 
fM 
O 
i 
LO 
fM 
LO 
r-. 
fM 
no 
O 
i-l 
no 
O 
i-l 
no 
O 
i-l 
o 
LO 
I-l 
I-l 
o 
LO 
I-l 
I-l 
no 
00 
fM 
CTI 
i-l 
LO 
fM 
LO 
i-l 
LD 
01 
O 
i-l 
i-l 
o 
cp 
00 
o 
o 
o 
i-H 
o 
1 
LO 
LO 
r^ 
fM 
00 
LO 
I--
fM 
1 
LO 
LO 
fM 
00 
cn 
o 
o 
o 
i-H 
no 
o 
iH 
00 
CTi 
o 
00 
o 
I-l 
LO 
cn 
o 
I-l 
o 
iH 
fM 
ID 
I-i 
fM 
o-i 
I-l 
LO 
LO 
iH 
fM 
o 
i-H 
I-l 
o 
o 
o 
o 
cn 
fM 
cn 
fM 
iH 
O 
iH 
i-l 
o 
I—1 
I-l 
o 
i-H 
iH 
iH 
iH 
<* 
iH 
iH 
iH 
no 
00 
I--
i-H 
cn 
i-l 
LO 
fM 
LD 
i-H 
00 
LD 
O 
i-l 
o 
o 
o 
o 
o 
o 
cn 
no 
fM 
cn 
no 
fM 
O 
i-l 
o 
I-l 
o 
I-l 
I-l 
iH 
i-l 
iH 
i-H 
i-l 
i-l 
i-l 
no 
fM 
i-H 
CTI 
i-l 
LO 
r-
LD 
iH 
iH 
o 
iH 
iM 
o 
o 
o 
o 
o 
o 
no 
no 
fM 
no 
no 
r~. 
fM 
1^-
o 
iH 
O 
i-H 
3^-
O 
i-l 
iH 
i-H 
iH 
iH 
i-l 
i-H 
O 
O 
i-H 
cn 
iH 
LD 
fM 
r-
i-H 
no 
CM 
I-l 
i-H 
O 
o 
o 
o 
iH 
fM 
iH 
fM 
iH 
O 
T-l 
I-l 
o 
i-H 
i-l 
o 
I-l 
no 
no 
i-l 
i-l 
no 
no 
i-H 
i-l 
LO 
LD 
O 
cn 
iH 
LO 
iH 
CO 
00 
o 
I-I 
*3-
o 
cp 
o 
d 
i 
fM 
fM 
1 
LD 
O 
iH 
LD 
O 
i-l 
LO 
O 
i-H 
in 
I-I 
iH 
r--
LO 
iH 
i-l 
00 
no 
no 
O 
cn 
i-l 
in 
fM 
00 
I-l 
o 
iH 
00 
fM 
O 
i 
CO 
fM 
O 
i 
fM 
LO 
fM 
CM 
LO 
r~ 
fM 
LO 
o 
I-l 
LO 
O 
I-l 
LO 
o 
rH 
fM 
i-H 
i-H 
nsj 
i-i 
i-H 
o 
LD 
LO 
cn 
CO 
i-l 
LD 
r---
CO 
iH 
no 
00 
O 
iH 
no 
iH 
cp 
no 
i-l 
O 
• 
LO 
LO 
r»-
fM 
LO 
LO 
r~ 
fM 
LO 
O 
r-i 
LO 
O 
I-l 
LO 
q 
i-i 
<* 
no 
i-l 
i-l 
no 
iH 
iH 
fM 
O-l 
no 
cn 
00 
i-l 
LO 
fM 
fji 
iH 
fM 
Ol 
O 
iH 
00 
o 
cp 
oo 
o 
o 
1 
no 
no 
r^ 
fM 
no 
no 
r^ 
fM 
LD 
q 
i-i 
LD 
O 
i-l 
LD 
O 
iH 
iH 
LD 
i-H 
i-H 
rH 
LD 
rH 
i-l 
fM 
O 
cn 
00 
i-l 
LO 
r--
cn 
rH 
LD 
O 
rH 
LO 
i-l 
cp 
LO 
i-l 
o 
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SD34 KB-2 
Coring Date: 24-Mar-07 
Organic Carbon and Nitrogen Elemental and Stable Isotope Geochemistry 
Midpoint 
Depth 
(cm) 
0.25 
0 75 
125 
175 
2 25 
2 75 
3 25 
3 75 
4 25 
4 75 
5.25 
5 75 
6 25 
6.75 
7 25 
7 75 
8.25 
8 75 
9.25 
9 75 
10.25 
10 75 
Year 
(AD) 
2007 20 
2006 45 
2004 96 
2001.64 
2000.16 
1998 66 
1996.73 
1994 97 
1993.25 
199135 
1989 36 
1987 29 
1984 97 
1982.16 
1980 00 
1977.50 
1974 32 
1970 47 
1966 88 
1961.34 
1956 42 
1951 71 
^org 
(%) 
41.04 
41.50 
4119 
4107 
40 75 
40.75 
39 85 
38 68 
38 49 
37 67 
35 99 
35 32 
35 78 
35.17 
34 66 
35 20 
34 90 
36 14 
34 52 
35 12 
34 62 
34 46 
Rpt 
36 31 
34.64 
Avg 
4104 
4150 
41 19 
4107 
40 75 
40 75 
39 85 
38 68 
38 49 
36 99 
35 99 
35.32 
35 78 
35 17 
34 66 
35 20 
34.90 
36 14 
34 52 
34 88 
34 62 
34 46 
N 
(%) 
3 46 
3.47 
3 53 
3.49 
3 44 
3 45 
3.35 
3 20 
3 15 
3.12 
2 94 
2 86 
2 87 
2 84 
2 80 
2 84 
2 84 
2 87 
2 79 
2 85 
2 81 
2 77 
Rpt 
2 96 
2 81 
Avg 
3.46 
3 47 
3 53 
3 49 
3 44 
3 45 
3 35 
3 20 
3 15 
3 04 
2 94 
2 86 
2 87 
2 84 
2 80 
2 84 
2 84 
2 87 
2 79 
2 83 
2 81 
2 77 
O ^org 
(%o) 
-26.35 
-26 41 
-26 49 
-26 49 
-26 63 
-26 58 
-26 64 
-26 47 
-26 28 
-26 00 
-25 70 
-25 67 
-25 43 
-25 39 
-25 22 
-25 11 
-25 02 
-25 10 
-24 96 
-24 96 
-24 83 
-24 85 
Rpt 
-26 02 
-24 92 
Avg 
-26 35 
-26 41 
-26.49 
-26 49 
-26 63 
-26.58 
-26 64 
-26 47 
-26.28 
-26 01 
-25.70 
-25.67 
-25.43 
-25 39 
-25 22 
-25 11 
-25 02 
-25 10 
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-24 94 
-24 83 
-24 85 
815N 
(%o) 
2 50 
2.36 
2 43 
2 31 
2 22 
2 41 
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2 03 
2 11 
2 02 
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2 06 
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1.91 
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178 
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Avg 
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2 41 
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C/N 
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SD34 RC-2 
Coring Date: 24-Mar-07 
Organic Carbon and Nitrogen Elemental and Stable Isotope Geochemistry 
Midpoint 
Depth 
(cm) 
4 25 
4 75 
5.25 
5.75 
6 25 
6 75 
7 25 
7 75 
8.25 
8.75 
9 25 
9 75 
10.25 
10 75 
11 25 
1175 
12 25 
12.75 
13.25 
13 75 
14 25 
Year 
(AD) 
1993.25 
1991.35 
1989.36 
1987 29 
1984 97 
1982 16 
1980 00 
1977 50 
1974.32 
1970 47 
1966.88 
1961.34 
1956.42 
195171 
1945 63 
1938 12 
1930 54 
1925.71 
1918 68 
1912.12 
1906.79 
^orq 
(%) 
36.48 
37 97 
38 23 
36 40 
36 17 
37 69 
36 81 
36 53 
35 72 
35 17 
36 08 
35 76 
35 72 
35 74 
36 06 
35 84 
35 54 
35 41 
35.37 
34 45 
34 82 
Rpt 
35.46 
34 96 
Avq 
36.48 
37.97 
38 23 
36 40 
36 17 
37.69 
36 81 
36 53 
35.72 
35 31 
36.08 
35 76 
35 72 
35 74 
36 06 
35 84 
35 54 
35 41 
35 37 
34 71 
34.82 
N 
(%) 
2.86 
2 94 
2.95 
2 80 
2.74 
2 87 
2 79 
2 75 
2 70 
2.64 
2.73 
2 70 
2 70 
2 66 
2.71 
2.68 
2.68 
2.69 
2.66 
2 61 
2 59 
Rpt 
2 68 
2 63 
Avq 
2 86 
2 94 
2.95 
2.80 
2 74 
2.87 
2 79 
2 75 
2 70 
2.66 
2 73 
2 70 
2 70 
2 66 
2 71 
2 68 
2 68 
2.69 
2 66 
2.62 
2.59 
Corrected N 
(%) (-0 0414) 
2.86 
2.94 
2.95 
2 80 
2 74 
2 87 
2.79 
2 75 
2 70 
2 67 
2 73 
2 70 
2.70 
2 66 
2 71 
2 68 
2 68 
2 69 
2.66 
2 63 
2 59 
O C/ofq 
(%o) 
-25 99 
-26 00 
-25.79 
-25.80 
-25 24 
-25 76 
-25 55 
-25 57 
-25 57 
-25.70 
-25 56 
-25.56 
-25 45 
-25.47 
-25 52 
-25.39 
-25.33 
-25 56 
-25.31 
-25 01 
-24 84 
Rpt 
-25.64 
-24.93 
Avq 
-26.0 
-26.0 
-25.8 
-25.8 
-25.2 
-25 8 
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Organic Carbon and Nitrogen Elemental and Stable Isotope Geochemistry 
Midpoint 
Depth 
(cm) 
0 75 
125 
1.75 
2.25 
2 75 
3 25 
3 75 
4.25 
4 75 
5.25 
5 75 
6 25 
6 75 
7 25 
7.75 
8.25 
8.75 
9 25 
9.75 
10.25 
10 75 
1125 
Year 
(AD) 
2007 2 
2006 2 
2003 8 
20016 
1997 8 
1995 4 
1990 8 
1985 9 
19813 
1976 6 
1972 0 
1968.3 
1964 2 
1962.1 
1958 4 
1954 4 
19512 
1947 5 
1942 7 
1938 5 
1935 1 
1928.6 
(-'on? 
(%) 
44 13 
44 42 
43 83 
43 79 
42 25 
43 80 
42 72 
42 93 
42 57 
42 01 
4160 
42 52 
4168 
4141 
4148 
4198 
42 89 
42 92 
42 68 
42.72 
4170 
42 90 
Rpt 
42 27 
42 35 
Avg 
44 13 
44 42 
43 83 
43 79 
42 25 
43 80 
42 72 
42 93 
42 57 
42 01 
4194 
42.52 
4168 
4141 
4148 
4198 
42.89 
42.92 
42 68 
42 54 
4170 
42 90 
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3 35 
3 38 
3 29 
3 44 
3 24 
3 40 
3 31 
3 28 
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3 31 
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3 23 
3 19 
3 23 
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3 08 
3 09 
3 31 
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3 21 
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3 33 
3 29 
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3 35 
3 38 
3 29 
3 44 
3 24 
3 40 
3 31 
3 28 
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3 19 
3 23 
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3 21 
3 27 
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-28 37 
-28.53 
-28 40 
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-28 28 
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28 67 
28 10 
Avg 
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-29 51 
-29 45 
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-28 95 
-29 15 
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Midpoint 
Depth 
(cm) 
20 25 
20 75 
2125 
2175 
22.25 
22 75 
23.25 
23 75 
24 25 
24 75 
25 25 
25 75 
26 25 
26 75 
27 25 
27.75 
28 25 
28 75 
29.25 
Year 
(AD) 
1801 88 
1796 81 
1790 55 
1784 80 
1778 96 
1772.51 
1765 87 
1759 86 
1752.99 
1746.53 
1739 36 
1735 55 
1728 33 
1720 82 
1714 53 
1708 25 
1701 96 
1695 68 
1689.40 
^orq 
(%) 
42 65 
4165 
40 65 
40 62 
43.30 
4162 
4196 
43 21 
43 47 
4191 
43 52 
42 06 
4198 
42 85 
42 38 
42 21 
43.66 
42 22 
42 16 
Rpt 
40 94 
Avq 
42 65 
41.65 
40 65 
40 62 
43 30 
4162 
4196 
43 21 
43 47 
4191 
42 23 
42 06 
4198 
42 85 
42 38 
42 21 
43 66 
42 22 
42 16 
N 
(%) 
2 69 
2 92 
2 92 
2 82 
2 99 
2 97 
2.87 
2.97 
3 03 
2 87 
3 08 
2 89 
2 90 
2 85 
2 98 
2 96 
3 00 
2 96 
2 77 
Rpt 
2 64 
Avg 
2 69 
2 92 
2 92 
2 82 
2.99 
2 97 
2 87 
2.97 
3 03 
2 87 
2 86 
2.89 
2.90 
2 85 
2 98 
2 96 
3 00 
2 96 
2 77 
Corrected 
N 
(%) 
2.69 
2 92 
2 92 
2 82 
2 99 
2 97 
2 87 
2 97 
3 03 
2 87 
2 75 
2 89 
2 90 
2 85 
2 98 
2 96 
3 00 
2 96 
2 77 
O C/onJ 
(%o) 
-28 7 
-29 6 
-28 7 
-28 7 
-29.5 
-28 5 
-28 6 
-28 3 
-28 5 
-28 6 
-28 5 
-28 5 
-28 6 
-28 5 
-28 6 
-28 6 
-28 5 
-28 7 
-28 6 
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-28 5 
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-28.7 
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-28 7 
-28 7 
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-28 3 
-28 5 
-28 6 
-28 5 
-28 5 
-28 6 
-28 5 
-28 6 
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-28 5 
-28 7 
-28 6 
S15N 
(%o) 
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0 38 
0 20 
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0 29 
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0 34 
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Appendix F: Cellulose Oxygen Isotope Results 
SD34 RC-2 
Date Cored: 24-Mar-07 
Cellulose Inferred Oxygen Isotope Analysis 
Midpoint 
Depth 
(cm) 
4 25 
4 75 
5 25 
5 75 
6 25 
6 75 
7 25 
7 75 
8 25 
8 75 
9 25 
9 75 
10 25 
10 75 
1125 
1175 
12 25 
12 75 
13 25 
13 75 
14 25 
14 75 
15 25 
15 75 
16 25 
16 75 
17 25 
17 75 
18 25 
18 75 
19 25 
19 75 
20.25 
20 75 
2125 
2175 
22 25 
22 75 
Year 
(AD) 
1993 25 
1991 35 
1989 36 
1987 29 
1984 97 
1982.16 
1980 00 
1977 50 
1974 32 
1970 47 
1966.88 
1961 34 
1956 42 
1951 71 
1945 63 
1938 12 
1930 54 
1925 71 
1918 68 
1912 12 
1906 79 
1899 39 
1893 08 
1886 73 
1878 11 
1872 71 
1866.63 
1859 06 
1852 82 
1845.98 
1837 99 
1829 59 
1822 79 
1814 65 
1807 08 
1797 57 
1789 71 
1781 57 
Result 
(VSMOW) 
11 81 
9 94 
10 91 
8 47 
8 48 
8 53 
7 81 
8 20 
8 71 
8 54 
7 57 
1020 
8 16 
11 73 
8 28 
8 16 
8 12 
8 89 
8 39 
9 42 
8 15 
8 95 
8 85 
9 16 
8 07 
819 
9 20 
9 44 
8 62 
9 74 
9 58 
12 49 
1029 
913 
9 47 
1211 
8 95 
12 28 
Rpt 
8 19 
8 89 
9 92 
11.00 
Avg 
1181 
9 94 
10 91 
8 47 
8 48 
8 53 
7 81 
8 20 
8 71 
8 37 
7 57 
10 20 
8 16 
1173 
8 28 
8 16 
8 12 
8 89 
8 39 
9 15 
8 15 
8 95 
8 85 
9 16 
8 07 
8 19 
9 20 
9.44 
8 62 
9 83 
9 58 
12 49 
10 29 
9 13 
9 47 
12.11 
8 95 
11.64 
618Olw 
(%o) 
-15.75 
-16.65 
-17 73 
-18 20 
-18 98 
-19 19 
-19 28 
-19 22 
-19 04 
-19 24 
-18 76 
-18 83 
-17 48 
-18 10 
-18 10 
-19 27 
-19 08 
-19 00 
-18 67 
-18 91 
-18 73 
-18 83 
-18 50 
-18 78 
-19 00 
-18 98 
-18 54 
-18 40 
-18.20 
-18.15 
-16 89 
-16 74 
-16 89 
-17 87 
-17 28 
-17 34 
-16.63 
-17 20 
5-pt 
Run 
Mean 
-15.75 
-17 57 
-17 59 
-18 22 
-18.64 
-19.16 
-19.12 
-19.14 
-19 19 
-19.25 
-18 76 
-18 90 
-18 08 
-18.30 
-18 19 
-18.59 
-18.45 
-19 10 
-18 93 
-18.83 
-18 83 
-18 81 
-18 70 
-18 70 
-18.84 
-18 83 
-18 78 
-18 67 
-18 77 
-18.43 
-18 22 
-18.13 
-17 38 
-16 97 
-17.14 
-17.32 
-16 83 
-17 52 
23 25 
23.75 
24 25 
24 75 
25 25 
25 75 
26 25 
26.75 
27 25 
27 75 
28 25 
28 75 
29 25 
29.75 
30.25 
30 75 
3125 
3175 
32 25 
32 75 
33 25 
33 75 
34 25 
34 75 
35 25 
35 75 
36 25 
36 75 
37 25 
37 75 
38 25 
38 75 
39 25 
39.75 
40.25 
40 75 
4125 
4175 
42 25 
42 75 
43 25 
43 75 
44 25 
44 75 
45 25 
45 75 
1773 96 
1764 39 
1756 25 
1745 98 
1736 17 
1728 66 
1718 86 
1709 29 
1699 53 
1690 43 
1680 23 
1670 35 
1655 57 
1648 23 
1636 15 
1627 49 
1617 42 
1607 79 
1598 25 
1587 11 
1576 78 
1566 32 
1557 67 
1546 52 
1537 00 
1526 04 
1515 19 
1506 16 
1496 39 
1489 12 
1479 31 
1469 49 
1459 67 
1449 86 
1440 04 
1430 23 
1420 41 
1410 59 
1400 78 
1390 96 
1381 14 
1371.33 
1361 51 
1351.70 
1341 88 
1332 06 
10 35 
12 03 
8 97 
11 14 
8 19 
6 98 
8 24 
8 30 
8 44 
7 36 
10 26 
6 63 
7 46 
8 07 
7 23 
6 78 
7 33 
8 54 
9 87 
9 30 
11 21 
9 28 
8 39 
8 36 
8 40 
7 56 
8 78 
8 82 
7 01 
8 99 
8 67 
7 93 
8 97 
9 26 
8 85 
8 81 
8 41 
11 04 
8 84 
8 96 
8 01 
6 93 
817 
9 97 
8 60 
8 00 
7 24 
9 67 
7.46 
6 88 
10 35 
12 03 
8 97 
11 14 
8 19 
6 98 
8 24 
8 30 
8 44 
7 36 
10 26 
6 93 
7 46 
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7 23 
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7 33 
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9 87 
9 30 
1121 
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1104 
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8 17 
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8 60 
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70 75 
7125 
7175 
72 25 
72 75 
73 25 
73 75 
74 25 
74 75 
75 25 
860 89 
85107 
84126 
83144 
82162 
81181 
80199 
792 17 
782 36 
772 54 
762 73 
7 29 
5 52 
7 95 
7 85 
8 59 
6 88 
8 91 
6 08 
6 16 
8 48 
8 40 
7 99 
7 29 
5 52 
7 95 
7 85 
8 29 
6.88 
8 91 
6 08 
6 16 
8 48 
8 40 
-20 34 
-20 51 
-20 33 
-19 43 
-19 77 
-19 43 
-20 15 
-20 38 
-20 52 
-19 77 
-19 07 
-2128 
-2148 
-20 79 
-19 86 
-20 09 
-20 30 
-20 12 
-20 75 
-2148 
-18 99 
-19 068 
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GSLl KBl and RCl 
Date 
Cored: 25-Mar-07 
Cellulose Inferred Oxygen Isotope Analysis 
Midpoint 
Depth 
(cm) 
0 25 
3 75 
6.75 
9 75 
12.75 
16 25 
19 25 
22 25 
3125 
34 25 
37 25 
40.25 
43 25 
45.75 
48 75 
5175 
54 75 
57.25 
60 25 
63.25 
66 25 
69 25 
72 25 
75 25 
78.25 
8125 
84.25 
87 25 
90 25 
92 75 
96 75 
99 75 
Year 
(AD) 
2007 2 
1985 9 
1962.1 
1938 5 
1894.6 
1852 2 
1815 0 
1779 0 
1664 3 
1626 6 
1588 9 
1551 1 
1513 4 
1482 0 
1444.3 
1406 6 
1368 9 
1337 5 
1299 8 
1262 1 
1224.4 
1186 7 
1149 0 
11113 
1073 6 
1035.9 
998 2 
960 4 
922 7 
8913 
8410 
803 3 
Result 
(VSMOW) 
1761 
12 50 
1043 
10 52 
1021 
10 73 
11 49 
10 30 
8 45 
9 67 
9 73 
9 73 
10 48 
10 67 
10 35 
9 14 
8 79 
9 09 
8 28 
8 19 
6 42 
7 23 
5 44 
3 17 
7 22 
5 12 
6 26 
5 84 
5 84 
5 61 
5 31 
6 04 
Rpt 
8 96 
8 79 
9.13 
8 35 
7 42 
Avg 
1761 
12 50 
9 70 
10 52 
1021 
1073 
11 49 
9 55 
8 79 
9 67 
9 73 
9 73 
10 48 
9 35 
10 35 
9 14 
8 79 
9 09 
7 85 
819 
6 42 
7 23 
5 44 
3 17 
7 22 
5 12 
6 26 
5 84 
5 84 
5 61 
5 31 
6 04 
618Olw 
(%o) 
-10 1029 
-15 075 
-17 804 
-17 0044 
-17 3089 
-16 7996 
-16 0579 
-17 947 
-18 687 
-17 7693 
-17 0398 
-16 8551 
-17 1654 
-18 1420 
-18 6886 
-18 3906 
-19 1798 
-19 2718 
-196011 
-20 2018 
-21 9453 
-24 1497 
-20 2181 
-22 2558 
-21 1471 
-21 5548 
-21 5593 
-21 7833 
-22 0677 
-21 3653 
-27 2374 
-27 2374 
